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I. INTRODUCTION

It is quite important to classify the ships according to
their types. Classification can be done in a number of
différent ways. The simplest is the visual method that is
prone to error. Other methods for classification are the
Fourier Coefficient method and +the B-spline Coefficient
method. In these methods the necessary information for clas-
sification can be obtained from the superstructure profile.

The Fourier Coefficient meth>d samples the superstruc-
ture profile at every chosen points. The function values at
the sampling points are transformed into the spatial compo-
nents. The logarithm of the magnitude of these components
is plotted and compared with +the standard plot4to recognize
the type of the ship. .

In the B-spline Coefficient method, the spline coeffi-
cients along the X axis and the Y axis are used ¢to recon-
struct the superstructure profile. The shape of the curve of
the spline coefficients is in some way similar to the shape
(the position of the lumps) of the superstructure profile.
The ship classification may be achieved by recognizing the
beginning, the peak, and the area of the lumps.
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II. PREPROCESSING

Preprocessing is the procedure to obtain the superstruc-
ture profile of a ship from the IR image. Then, Fourier
coefficient or spline coefficient methods can be used. The
details of the preprocessing procedures are a follows.

A. DATA COLLECTION

The data consists of the IR image of eight different
types of ships.
1. DD - Destroyer; "HALL" class.
Container; The class is unidentified.
Freighter; The class is unidentified.
AOR - Replenishment oiler; "WICHITA" class.
LST - Tank landing ships; "NEWPORT" class.
FF - Frigate; "GARCIA" class.
CGN - Guided missile cruiser (Nuclear propuision);
"BAINBRIDGE" class.
8. DDG - Guided missile destroyer; "CHARLES F. ADAMS"
class.

N O e N

Thase ‘mages are taken from an aircraft which is flown
at a - ... . 500 feet with a speed of 400 knots toward the
side of the ship. The aspect angles for these images are 90
degrees which may be slightly off in some images. The inac-
curacy of the aspect angle arises from the fact that the
photos are taken while the aeroplane keeps on moving. All

+

.. B
. AP I R

! R S

VN Aa as a4 o gy

data of the images are stored in a digital magnetic tape
with 256 by 64 bytes per image. Thus, the number of bytes
required for each image is 16384 and each byte represents

7 4

the intensity of a pixel. For each record of the image, a
label is coded in the last 8 bytes as follows:
1. Byte (16377) = Run number in each flight which passes
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Figure 2.16 Contour Image of a CGN at
a Range of 45000 feet.

H. CLOSING OPERATION

Some results from the superstructure extraction process
are discontinuous because the gray level of those areas of
the structure is 1less than the threshold value. If we
decrease the threshold value, the details of the superstruc-
ture are effected. It is necessary to use the "Closing"
operation which consists of the "dilation" process to smooth
the superstructure profile used the "Erosion" process. All
direction are dilated similarly which causes an smoothing
effect on the edges, The superstructure increases in total
area. Then, use the "Erosion" process to shrink (subtract)
the dilated part in all directions, thus obtain the smoothed
superstructure with the appropriate size. The Closing

_process employs the dilation process which yields an output

image from an input image. The Dilation results is shown in
Figure 2.17.
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Figure 2.12 The Step Checks in the East Direction.

716
I S
2134

Figure 2.13 The Step Checks in the South Direction.

Figure 2.14 The Step Checks in the West Direction.
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image is

shown in Figure 2.16. superstructure in

Figure 2.9 has wide edge, we can not find the contour image.

We have to use the additional step which 1is called the

"Closing" operation.

Figure 2.10 The 3 by 3 Kernel.

Figure 2.11 The Step Checks in the North Direction.
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Starting from the leftmost point in the superstructure

image in Figure 2.9 the contour profile tracing is accom-
plished by examining the neighbors of a 3 by 3 kernel
located at the curser position as shown in Figure 2.10. The
curser is moved along the profile. All successive positions
of the curser constitute the contour profile of the ship.
The ﬁesting procedure is explained below.

1. 1Initialize the curser pdsition to the beginning of
the thresholded image with the gray level of 255 and
the estimate direction of the next position.

2. Check for reaching the end of the profile, if it is
at the ending of the profile then stop, if not go

to 3.
3. Check for the estimate to see whether it is in the
direction of, North, East, South, or West. If the

direction it is North then go to 4, if it is East
then go to 5, if it is South then go to 6, and if it
is West then go to 7.

4. Determine the next position with the gray wvalue of
255 in the counter-clockwise direction as shown in
Figure 2.11. Store the position found and move the
curser to that position. Update the estimate
direction to the one last found; then go to 2.

5. The procedure is the same as that in step 4 except
search pattern is shown in Figure 2.12.

6. The procedure is the same as that in step 4 except
search pattern is shown in Figure 2.13.

7. The procedure is the same as that in step 4 except
search pattern is shown in Figure 2.14.

The flow chart of the procedure is shown in Figure
2.15, and the detail of each procedure are included in

Aprpendix B. The testing procedure have to be performed in
such a maner that the resulting contour is a good represen- o)
tation of the superstructure line. The result of the contour
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slope line to zero. Hence, it results in a superstructure of
the ship as shown in Figure 2.9. However, in some images,
there is a lot of noise in the background which cause diffi-
culty in locating the bow and stern. Under these circum-
stances, the dimensions of a ship are estimated by trial and
error method. Then the gray level which lies outside is set
to zero and an estimate of the bow and stern slope can be
made.

Figure 2.9 Superstructure Profile of Figure 2.8.

G. CONTOUR FOLLOWING

The ncise in the background of the original image,
yields wide edge structure. In considering this factor, the
contour following procedure tracking the inner part of the
image in Figure 2.9 gives the superstructure profile. The
objective of this contour following is to describe the bow
and stern points of the ship, the direction, and the posi-
tion of the edge of the superstructure. The contour tracing
is done in the counter-clockwise direction which compares

pixel value of O or 255 in a 3 by 3 matrix in the following
manner.
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E. HOW TO EXTRACT THE PROFILE

The edge image of the guided missile cruiser shows
little variations in the gray level as shown in Figure 2.3.
These variations are caused by the noise in the original
image. In this case, the choice of the threshold value is
based upon both the histogram and the cumulative distribu-
tion of the edge image so that it contains 90 % of the
pixels. Therefor, the chosen gray level 1is 110 and the
result is shown in Figure 2.8.

Figure 2.8 Silhouette of a CGN in Figure 2.3.:

F. HOW TO OBTAIN THE SUPERSTRUCTURE

The original image . of the ship is taken from the aero-
plane with different displacement from waterline to the
superstructure in a rough sea, so that the profile of the

ship with respect to the sea surface varies. Thus, we have
to eliminate some information in the image of the ship by
considering the superstructure only. In considering the
overall ship structure, it is obvious that the largest
distance is between the bow and stern span. Therefore, the
bow and stern points are located first in the program as
shown in Appendix A. Then we consider the slobe of the bow

and stern of the ship and set all the gray values below the
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D. EDGE THRESHOLD STRATEGIES

Edge threshold strategies are used to extract the edge
profiles from the Sobel results. In this case, we use only
the pronounced value of an edge element at x if g(x) 1is
greater than certain threshold value [(Ref. 2].

= g(xY) it g(xy)>> threshold

G(x,Y)

. (2.5)
=0 otherwise

To increase the contrast of the image to a silhouette
form, G(x,y) is defined as ' '

=255 (it g(x,y) >threshold

G(x,y)

: (2.86)
=0 otherwise '

The choice of the threshold value is based upon the
histogram of the edge image as shown in Figure 2.6. The
estimated critical gray level is chosen so that a majority
number of the pixels with value between O to 255 will fall
below the critical value. Alternatively, histogram equaliza-
tion may be used to determine the desired threshold level as
shown in Figure 2.7. 1In this case, trial and error method
was used in conjunction with the above method to obtain the
threshold so that the correct profile is ascertained.
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C. THE USE OF A SOBEL OPERATOR ]

When a Sobel operator is used at the edge of the image 9

. frame, the pixel level which lies out of the frame will be E:
& set equal to that of the adjacent pixel within the frame. ﬁ:
..\.

The original image of a guided missile cruiser is shown in 'i

. Figure 2.2. Since the result of the Sobel operator is numer- 1
i ically greater than 8 bits range, we have to rescale the t
2 result back to 8 bits range. This is achieved by deter- .
> - "
< mining the maximum and the minimum of the gray level. They o
. are then used to rescale the gray level in the results of 80
N the Sobel operator as shown in Figure 2.3. In some T
; instances, the original image is very poor as shown in ?g
: Figure 2.4. Attempts to determine the edge of <this image 3
failed as shown in Figure 2.5. oo

- N
W ‘i \
v o
N N
- Figure 2.2 A CGN at a Range of 45000 feet. B
v
N 16 N
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The basis vector for all directions are (a-2b+c),
(g-2h+i), (a-2d+g), and (c-2f+i). Furthermore, each of the
basis vector is convolved with the image as follows:

along the x axis

de= [flx=1,Y=1)+ 2f(x, y= ) +F(x+1,y-1)] -

: |
_.[f(x-l,Y‘(’|)+2f(x,y+|)+f(x+|)y+|)] (2.2) |
along the y axis
&y = [ferLy-1)+26(c+ Ly)+ (x4, y+1)]
(2.3)

= [fx=Ly=1)+ 2H(x=Ly) #t(x=Ly+1)]

Since the magnitude of the ;esulting vector is the abso-
lute value of the convolved results, the edge magnitude
S(x,y) [Ref. 1],

S(xy) = (d7 “"dyz )//z (2.4)

Note that the Sobel operator does not use the gray level
at the position (x,y). The advantage of using a Sobel oper-
ator over others is that the resulting edge is smoother due
_to a 3 by 3 matrix approach. If we compare the Sobel oper-
ator with the Laplacian operator, it is seen that the Sobel
operator using the four basis vector as shown above will
provide more accurate reading because of noise reduction in
the original image. Hence, The Sobel operator is often used
in the preprocessing operation.
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the ship.
2. Byte (16378) = Video tape time code when the data is
taken; in minutes.

3. Byte (16381) = Video tape time code; in seconds.
4. Byte (16382) = Video tape time code; in thirtieth of
a second.

5. Byte (16379) = Range in kilo-feet which is the
distance measured from the radar it may have an
error 1 to 2 kilo-feet.

6. Byte (16380)
of the ship.

7. Byte (16383) = Ship class.

8. Byte (16384)
testing.

Aspect angle; degrees from the bow

ID, 1 = for training, 2, 3, 4, 5 = for

The run number and the time c¢ode together uniquely
define a specific image that represents a single TV frame
with no averaging. In addition, the time interval between
the end of one image to the beginning of the other is
approximately 1.5 seconds. Also, there are inherent random
noise in the record which arises from the photo instrument
and the process of storing them on to the digital magnetic
tape.

B. SOBEL OPERATOR

The Sobel Operator technique is used to find the edge.

To determine the edge, the Sobel Operator uses the differ-

ence of gray levels of the pixels in a 3 by 3 matrix as
shown in Figure 2.1.

a,b,c,d,e,£f,q9,h, and i are the values of the gray
levels at the position of (x-1,y), (x,y-1), (x-1,y), (Xx,Yy).
(x+1,y), (%x-1,y+1l), (x,y+l), and (x+1l,y+l) respectively. The
Laplacian estimate is defined as

2
f o - - -
an f(x,y) = f(x+ 1, y) =[f(x+ 1, y) = f{x+ 2,)] (2.1)
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Figure 2.17 The Process of Dilation.

We examine the gray value of each pixel in the original
image. Begining from the pixel at the first row and the
first column. The procedures are the following.

l. Considering one pixel in the original image with the
kernel (B) centered there. If at least one pixel in
the kernel has a value of 255, we let the gray level
of the output image at the center of the kernel be
255.

2. We shift the center of the kernel 1 column'to the
right. Then following the same procedure as in step 1
until the last column is reached.

3. We shift the position of the kernel to the next row
and starting from the first column. Then, following
the same proceddre as in step 1 and step 2 until the
last row and the last column is reached.

The result obtained from the dilation process is an
image with enlarged structure. The second procedure in the
Closing operation is the Erosion process. The Erosion
process perform the same procedures as the dilation process
except for step 1. 1If every pixel in the kernel are 255, we
let the gray level in the new image at the center of the
kernel be 255. Otherwise, it will be 0. The output image

obtained will have smooth edge with minor change occurring

28
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in the edge detail as shown in Figure 2.18. In this case, we
use an kernel of size 3 by 3. If we increase the size of the
kernel, the details of the image are decreased.

Figure 2.18 The Profile after Dilation and Erosion
(Closing Process).

I. PROFILE ROTATION

Often in the contour image, the first and the last point
of the superstructure are not at the same horizontal level.
We have to rotate the contour image by setting the two
points to the same horizontal level. How to rotate it from
the Y, X axis to the Y', X' axis is shown in Figure 2.19.

If the angle value {J is positive, it will be

X _ cose ~-sin PX]
v} [sing cos@] LY
If the angle value 9 is negative, it will be
X1 _ [cosg sin@] 'x]
Ly'] ~ -sin9 cose LY

For some of the contour profile, part of the profile
after rotation will be out of the image frame. Then we have

to shift this contour down by 20 pixels position. The
rotated profile is shown in Figure 2.20.
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III. FOURIER COEFFICIENT METHOD

We have obtained the ship profile in the previous
chapter. To extract features out of this profile for clas-
sifiéation purposes, we will use the Fourier Transform
method. |

The Fourier transform of the ship profile showed that
the transform coefficients depend upon the ship's dimen-
sions, 1its superstructure, and the distance between the
camera and the ship. If the profile f(x) 1is a discrete
function with 128 sample points. The discrete Fourier
transform can be written as

Flu) -.I.Zf(X)exp -j2Mu x /N) (3.1)

For u, x =0, 1, 2, ..... , N=1. N is the total number of
samples. '

If the direct calculation of the discrete Fourier trans-
form is chosen, the number of complex multiplication and
addition will be equal to N ; i.e. to obtain F(0) would

require complex multiplication and addition N times. In
order to reduce the computation, we use the fast Fourier
‘transform algorithm. Thus, equation 3.1 [Ref. 2] can be

separated into Feven (W) and F,qq ()

£ ( k) ux
u) =iZf(2x) W
even M /v (3.2)
X=0

M-t
=|_Zf(2x+l)w:x (3.3)
M

X=0
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W =e x p(=j27C/M) (3.4)
M=N (3.5)
2.
)= L [y e )+ 4 (6 W] (3-8
Flu+M) =1 [F.,. (u)=F . ( U]
E[‘.,,,,u > d(W,,, (3.7)

Using this method, we have reduced the total number of
complex multiplication and addition to Nlog N. In this case,
we have N = 128, thus, the total number of complex multipli-
cation and addition will be 896.

First, we divide the rotated profile image into 128
divisions. Since the distance of each division is equal to
the amount of the pixel between the bow and the stern of the
ship divided by 128, we use the distance perpendicular from
the horizontal line between bow and stern to the highest
point of the superstructure as the sampled values. The
result of the fast Fourier transform is a complex number.
Then we use

M(U)=|°9[|+G(U)] (3.8)

G(u) is the magnitude of F(u). A value of 1 is add to the
magnitude to avoid negative logarithm result, the results
obtained are as shown in Table I and

1. Figure 3.1 - Destroyer

2. Figure 3.2 - Container

.3. Figure 3.3 - Freighter

4. Figure 3.4 - Replenishment ociler
5. Figure 3.5 - Tank landing ship
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6. Figure 3.6 - Frigate i
7. Figure 3.7 - Guided missile cruiser b
8. Figure 3.8 - Guided missile destroyer
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On the results minor difference of the shape of the
Fourier coefficients can be noticed visually. But it is
difficult to implement a program to detect these minor
difference in shape. Therefore, a Second method was used to '
handle this problem. <
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Plots of the reconstructed profile of three ships of
the COGN class using different value of S, result in
different number of knot positions and are shown for compar-
ison in Figure 4.3, 4.4 and Figure 4.5. The original
samples are plotted in solid curve, the reconstructed curve
is plotted in dashed line in Figure 4.3.
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1. Limitation on B-spline Coefficient Determination

If the value of NEST is too small, the user will
receive error code IER and the number of knot positions will
appear to be dense in the first part of the curve. While
sparse in the other part. The example of an incorrect selec-
tion -of NEST is shown in Figure 4.2.

Figure 4.2 Knot Selection if the NEST Parameter is too Small.

Another problem which causes difficulty in program-
ming is that the main program is in PASCAL while the subrou-
tine is in FORTRAN. As for the PARAM program in FORTRAN, the
array index value starts from 1, while , for the user PASCAL
program it starts from 0. Therefore, in linking the main
program to the subroutine, one has to keep in mind of the
difference. In addition, the FORTRAN programming logic
structure is so complicated that, when an error occurs, it
"is very difficult to debug and locate the error.

The values of Cx and Cy depend upon uneven Kknot
positions, and they contribute controlling effect to the
reconstructed curve which would be both smooth and close to
the original curve. 1In running the B-spline approximation
program for the first time, the values of Cx and Cy of the
last 4 knots at the right end are zeros. However, in running
it'again, increase the value of S did not yield zero values
of Cx and Cy at those points. This, nevertheless, has no
effect on the reconstruction of the curve.
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Figure 4.1 Plot of the Original Data and the Approximate
with Free Knot.

C. TO DETERMINE THE KNOT POSITION AND THE B-SPLINE
COEFFICIENTS

The approximate smoothing factor in eg(4.7) is to be
calculated before using the subroutine "PARAM" [Appendix C].
In the subroutine, there is a check on S factor every time
it is run. If the S input values do not satisfy or meet the
criteria, the program will return with a error code IER.

There is a parameter NEST which is set to a constant
value. This value determine the dimension of the knot posi=-
tions which relates to the array T(NEST), Cx(1..NEST) and
Cy(l..NEST). The NEST is an overestimate of the dimension of
the arrays set by the user. The limitation on the value of
NEST for subroutine "PARAM" are as follows [Appendix C])

1. 2k+2 NEST M+k+1

2. Typically, value of NEST M/2
where M is the number of the total sampling points and k=3
is the highest order in the B-spline function.

The subroutine "PARAM" produces several outputs as, N
the total number of knot positions, T(N) the array of the
value of knot positions in Z parameter, Cx(N) and Cy(N),
B-spline coefficient of X functions and Y functions for knot
positions defined in array T(N).
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W can be equal to one and the S can be determined by the
trial and error method.

1. Interpolation and Approximation Using B~spline

Function

There is a difference between the interpolation and
the Spproximation. In interpolation, the number of knot
positions required are egqual to the number of sampling
points and the value of S in eqg(4.7) is small. In this case,
the computation time required will increase tremendously.
Whereas, in approximation, it is not of great concern that
the approximated value at a position be the same value of
the sampling point, and most of the information still remain
in the original curve. Thus, decreasing the value of S will
result in the large number of the knot positions and the
final curve obtained will be similar to the original curve.

The justification for using approximation rather
than interpolation approach is that though the resulting
curve may not be the best fitting curve, it is smooth and
close enough to the original. The approximation spline func-
tion has less number of knots than the number of samples,
which reduces the total processing time. In approximation
approach, when the appropriate choice of S value is made, it
will, in turn, generate sufficient number of knot positions
required to provide a close approximation to the original
"curve. The ratio of sampling point to spline coefficient is
10 to 1 as shown in Figure 4.1. 1In Figure ¢.1, a guided
missile cruiser ship at a distance of 45000 feet, with 290
sampling points and the associated B-spline knots are shown.
The original samples are plotted in solid curve. The knot
position are show by small circles in Figure 4.1. After
B-spline approximation, <the number of the knots are reduced
to.33. Hence, this technique is essentially a kind of data
compression technique.
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aY2;.2i4; ,....2; )E(t) stands for the l-th divided
difference of the function £(t) on the point 2;,...,2;,
where t is the position values of knots in term of Z param-

eter. Z parameter is defined as follows

2
2(1) =2 -1+ [(xm-xu-n»‘»«(vu)-vu-of]’ (4.5)

z(0)=0
(4.6)

where I is the number of the sampling point and
1=1,2,3,...,m.

Second, the smoothing is subjected to a constraint

Oe) < s (4.7)

where S is the smoothing factor, 6(6) is the weighted sum of
the square residuals defined as

m n 2
&(e) = %%-[Yj ";[,-C*i“i,w(xj)] (4.8)

X;,Y; are the values of ‘X and Y at Z parameter of the

sampling points; ﬂi is a weighting factor for all sampling

"points [Ref. 3] defined as

= ‘J-‘.. -

-2
W= (5Yf) (4.9)

where vg is an estimate of the standard deviation of %;.
Then, the value of S is in the range m+Y2m. If nothing is

known about the statistical standard deviation of Yy, each
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B. B-SPLINE APPROXIMATION WITH FREE KNOT

TLTLTETITA e

As mention earlier, the B-spline function is used in the
spline approximation with free knot. The free knots is some-
times called uneven or irregular knots; that is no fixed
number of knots are used. Furthermore, the spline position

. ..' 0: o n?'. [ u": .

need not be on the original curve so as to minimize the
number of knot position while preserving most of the details
of the original curve.

. "A T
)

First, minimize the value of the lack of the smoothness
U(E) defined as [Ref. 3]

n n 2 %

J=l 1==k -(4_1) ,?i

where Ci 1is a coefficient of spline at the knot position. g;
a;; is defined as follows o
NG (k)

0;; =M o/ ti+0) =M. (¢ -0 .

1) I)k'l'/(/ ) 'Ik+l(] ) (4.2) ‘c:::

i

where Mﬁkd is the normalize B-spline function and defined C}
as -
M. (x)=(t -t A’H"(’r t (t; %) ':-:::

iyk+1 i+ kT8 Wity )%l

(4.3) o

and Gy (t;x), t are defined as follows o
k k. =

=(1-x)+= (‘l’—X) if t=2x ~

v

G, (Hx) (4.4)

=0 if t<x =

“F;

e :_.\_ ;'. ) -.: it . IO 7o :._.-,.:;‘r_‘-. g "_\'.:--:'.:'.";'."'.: ..... ;\-' oS ROt : '-;_. < :-_ \::,_.' ey -.‘.-.



IV. B-SPLINE COEFFICIENT METHOD

Using B-spline coefficient is another method to describe
a ship profile. This method uses the B-spline coefficients
to détermine the beginning, peak, and area of lumps which
contain significant information about the type of the ships.
The comparisons of the knot position (in parametric value)
from the midships to the peak or beginning of the lump, can
be very helpful. Different ships will have different lump
positions and sizes.

A. BACKGROUND

A spline function is a piecewise polynomial used to
interpolate points. This kind of curve is smooth and the
discontinuities in its Kk-th derivative is as small as
possible. In this case, Cubic spline was used, where the
first and second derivatives for any set of interpolating
points are continuous, while the third derivative may be
discontinuous. The reason for using Cubic spline is to keep
the third derivative discontinuity as small as possible and
the curve as smooth as possible. The B-spline calculation
procedure is also very stable. In our case the order of
spline used is 3, while the 1l-st and 2-nd derivative are
continuous. The choice of 4-th order spline function is due
to the fact that it is generally sufficient for most ship
profile curves. Discontinuity, in a sense, may be stated as
the jumps of the third derivative, which is the means to
control smoothness of t. @ connecting pieces.
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of the field of view is accurate, we can estimate the number o
of pixel in an object image. Then we can classify the object
by comparing the number of pixel of the original image with -
that of the test image. Some known system parameters can Y
help to determine the range of the target ship. The problem Ry
is that existing errors in the system parameter causes in K
the larger errors in the estimated range. Consequently, they L
are not very useful in classifying the ships.
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TABLE I1I
Range Estimation

coccsvevecccaa P Y L L L L L Y P P Y L Ll Ll Ll et —eccaneoe

I CLASS { I(pixel)} D (f%) ; Hf(kft) : R(k£t) : (R-R).OO]
: :MEASURE | KNOWN !CALCULATE:RADAR DIS{ --;--- {
: DDl : 96 l 418 : 21.766 { 77 I 71.71 :
: DD2 } a0 : 418 { 26.119 : 85 : 69.27 :
} AOR1 { 107 : 659 : 30.787 = 78 = 60.53 =
: AOR2 } 96 : 859 : 34.315 ! 8s } 59.63 l
: LST1 : 176 : 522.3 : 14.834 { S1 { 70.91 :
} LST2 : 134 } 522.3 : 19.484 } 57 : 65.82 :
: CGN1 : 157 : 565 : 19.213 : 45 : 57.31 !
% CCON2 l 119 : 565 : 23.734 : S5 = $6.85 }
: DDG1 } 126 : 437 : 17.337 : 47 { 63.11 :
I DDG2 ; 90 : 437 % 24.247 : 64 : 62.08 l
: | | 1 | :

DD1,DD2 = Destroyer at range 79000 and 83000 feet.

AOR1,AOR2 = Replenishment oiler at range 78000 and 88000 feet.
LST1,LST2 = Tank landing ship at range 51000 and 62000 feet,
CCN1,CGN2 = Guided missile cruiser at range 45000 and 64000 feet.

DDC1,DDG2 = Guided missile destroyer at range 41000 and 64000 feet.

The error distance between the estimated distance
and calculated distance in percentage is ((R - ﬁ)/R) 100.

2. Remark

Calculated distance error in R may come either from

the pixel measurement in an image or from the angular reso-

e
B
LA L
e

lution estimation. The distance that is stored in the image
label has an error of about 1 to 2 kilo-feet. If the angle

W
»

P
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(3.11) e

2 tand :E::

2

Assume that the angle resolution of the pixel of the Eg

field of view of the camera is equal to 0.2E-3 radian per ':
pixel. The number of pixel of the frame is equal to 256. :-:t*

t;i

The size of an image is I pixels. The dimension of the
object D in feet is known. The field of view in angle is

Q =(0.2E-3)256 (3.12)

X=256 g
2 an%’_ (3.13)

where d is in unit of pixel.

tangY :_I_i
22X (3.14)

i
ton@ =1 taney
2 256 2

(3.15)

Py
o

|
fcn%_' (3.16)

X R=128D
- 1tan0.0256 (3.17)

When the length D of the object is known, from equa-
tion 3.17 we can estimate the distance from 1lens to the

object and is shown in Table II
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Figure 3.10 Range Calculation.

The distance between the lens and the image plane
can be adjusted in order to have a clear image on the film.
The camera has a field of view (FOV) angle as shown in
Figure 3.9. The object has to be in the field of view of
the camera. The determination of the distance is shown in
Figure 3.10

For simplicity of calculation the inside of the
camera is flipped to the same side as the object as shown in
Figure 3.10. when the angle of the FOV is(Y, I/2 is the
half of the full image size, D/2 1is the half of the dimen-
sion of the object, X is the distance from the lens to the
image, and R is the distance from the lens to the object.

Assume that the distance I/2, distance 1Im/2, and
angle(Y/2 are known. Then, the distance R can be determined
by

X=]mtonQ (3.9)

(3.10)
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A. VARIATION OF SHIP SUPERSTRUCTURE WITH RANGE

One of the practical problem of using the ship profile
is that it is sensitive to range variations. Close ship
profile has more details than the far away ship profile.
The dependency of the geometric size of the profile with the
range is discussed in this section.

Assume that the object is centered on the camera axis.
The field of view of the camera, the number of the pixel in
the image, the size of the image, and the size of the object
are known. Our problem is to determine the distance between
the camera and the object.

1. Background

The camera system is similar to a human eyes system.
The light reflected from the object goes into the eyes. The
image of the object falls on the retina, the signal is sent
to the brain in some electrical from, " and the brain changes
it to a from that human can perceive. But, in the camera
system film or senser are used to pick up the image. The
function of a camera is shown in Figure 3.9

lens

image object

Figure 3.9 The System of the Camera.
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~number of the original sampling points. If the factor S is

P St AT el R o b et T

2. Selection of Smoothing Factor Value(S)

It is found by trials and errors using the computer
program PARAM that in order to retain maximum information of
the profile curve, the number of knot positions required
should be in the range of 25 to 35. The number of kuot
positions depends upon the value of S which must be set
accordingly. The appropriate choice of S to satisfy the
condition stated above, is important. For the class of a
guided missile cruiser(CGN), three ship images at 3
different ranges were selected. Then, run the appropriate
program for various S factors to see how the number of
knot(N) will wvary. The results are shown in Figure 4.6.
Plots of N vs S in Figure 4.7 through Figure 4.13 show that,
in most cases, the value of N decrease quite rapidly when
the value of S 1is in the range of 0O to 100, and gradually
for S factor in the range of 100 to 200, thereafter, the
value of N decreases very little. Obviously, the curve seems
to decay exponentially. Furthermore, for some classes of
ships changes are more pronounced than the others which is
probably due to the actual number of knots present in the
profile. For guided missile cruiser ship(CGN) with 2 lumps,
the number of knot positions required can be 33 as shown in
Figure 4.6 We select the factor S to be about 100.

The selection of +the factor S depends upon the

small, large number of knots are needed. When the factor S N

is large, small number of knots are needed. When the number —
of knot and the Cx and Cy coefficients are small, the ;%f
B-spline coefficients Cx and Cy obtained c¢an not be used to ﬁﬁ
reconstruct the curve close to the original profile. ;E;
=~
??
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3. The Output Cx,Cy and Knots Profiles

.
LRI NP R FRRY S TP

P A L L, .
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From the previous study the factor S is selected for

each of the class of ship as follows
1. Destroyer(DD), S = 20.0

Container, S = 100.0
Freighter, S 100.0 e
Replenishment oiler, S = 20.0
Tank landing ship(LST), S = 25.0
Frigate(FF), S = 100.0
Guided missile cruiser(CGN), S

=
AR
(LY

TR TRISEN
.

N AL

4 dad ¥

L

125.0
Guided missile destroyer(DDG), S = 125.0
The plot of the B-spline coefficients,Cx and Cy, and

® 300 0 b W

X,Y at the positions of the sampling points vs the Z param-
eter are shown in Figure 4.14 through Figure 4.21.
Observation and comparisons of the curves show that the
values of Cx and Cy exhibit changes similar to that of X and
Y except that the variation of values leads that of the X
and Y. This is due to the fact that Cx and Cy have to act
as the controlling factor for the reconstructed B;spline
curve to get the result close to the original curve.
Examination of the plots of the results of X and Y
show that when X is increasing monotonically, Y is almost
constant; but when X is almost constant, Y is increases or
decreases. This behavior relating to profile reconstruction
may be explained as follows. For a ship profile when X is
increasing and Y not increase too much, this may be inter-
preted as an almost leveled profile. When X is almost
constant, and Y may be increasing or decreasing, it may be
interpreted as the beginning or the ending of the lump.
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There are two distinct procedures used in dealing
with two different kinds of lumps big or small. Thus, it is
necessary to distinguish in the first place whether the lump
is big or small. For the big lump, the differences of Cy is
positive for all initial four knots. It continues to the
peak and decreases toward the ending of the lump. For the
small lump, the difference of Cy is positive for the first
two knots and stay constant or positive for the third knot,
but the difference of Cy for the forth knot is negative,

oy

thereafter, the program proceeds to establish the following

‘ « v e -
A
) e
AR
" . s
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-

values for each lump detected:
First, the knot positions (2 wvalue) at
1. the beginning of the lump

2. the ending of the lump
Second, the Knot number for

1. the beginning of the lump

2. the ending of the lump
Third, Number of lumps detected.
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tions as Cy is exhibiting monotonic increasing trend. When

the difference in Cx is decreasing or zero, the value of Cy
will have a bronounced change where the beginning or the
ending points of a lump can be detected. The value of knot
position(T) at those points related to the sizes of the
Cx,Cy can be determined. Finally, with the values of Cx and
Cy at those points known, the area of the lumps can also be
determined.

Hence, from the ship's characteristics and information
derived from the above procedure, classification of ships
can be made by considering

First, the number of lumps detected, 1, 2, or 3.

1. The number of lump=1l: Frigate, Tark landing ship

2. The number of lump=2: Destroyer, Guided missile
cruiser, Guide missile Destroyer, and Replenish-
ment oiler(AOR)

3. The number of lump=3: Freighter and Container

Second, the position of a lump relative the midships is
measured. This quantity 1is scaled by the total length of
the ship. This scaled quantity will be invariant with
respect to the different ship sizes at different ranges

Third, the area of the lump is normalized to the ship
length squared.

1. Lump Detection

As shown in the plot of X, ¥, Cx, and Cy vs Z param-
eter in Figure 4.15, when the difference (ACx) between
successive value of Cy varies from increasing to decreasing,
and then, to increasing again, Cy exhibits noticable varia-
tion. From observation of Cx values, it is seen that the
difference (ACx) always has variation in the same sequence
as stated above. Therefore, only Cy values are taken into
consideration in the program that detects lump.
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7. Replenishment oiler (AOR) - There are 2 little lumps

with the first one starting at 4/5 of the ship length
from the midshibs to the left side exhibiting rapid
decrease in height to the level between the bow and
the stern. The second lump starts at 1/4 of the ship
length from the midships to the right side with slow
decline to the point near the stern.

8. Freighter-with 3 noticeable lumps, the first two
represent lifting c¢rane with the first high lump
approximately 1/6 of the ship length from the
midships to the left side but narrow; meanwhile, the
second lump is located at approximately the
midships with the same size as the first one. The
beginning of the third is at approximately 1/3 of
the ship length from the midships to the right
side with large size. It is higher than the first
two and with gradual decline to the stern.

From the lump characteristic of different type of ships,
we could distinguish the type of a ship based on the rotated
superstructure.

E. SHIP CLASSIFICATION

An important aspect in categorizing types of ships is to
recognize the lumps above the main deck. Therefore, it is
"useful to plot the positions of X and Y vs the Z parameter
where the Z parameter can be determined from eqg(4.5) where
Z(I) 4is an array (1..M) as shown in Figure 4.27 where X is
ploted in solid line and Y is ploted in dash 1line. Then,
plot the B-spline coefficients Cx and Cy vs T(N); the knots
position in Z where N is the total number of knots as shown
in Figure 4.28. The Cx is ploted.in solid line. The Cy is
pléted in dash line. The Values of Cy will be close to the
curve of Y while the values of Cx for the same Xknot posi-
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TCHARLES £ ADAMS' Clrae NDG Aust (3. LSA 23)
1 PERINT LIass 91Musar with ders-noLse between funneis)

Figure 4.24 Guided Missile Destroyer(DDG).

BARRY.  FORREST SHERMAN" and WnULL" Ciasse . ASW mod-t.ed' DD
UbA (6

Figure 4.25 Destroyer.

the first one. The second lump ends at approximately
1/4 of the ship length from the midships to the right
side. Furthermore, the distance between the peak of
both lumps is less than that of the Guided missile

destroyer shown .in Figure 4.26.

[] »
ety by 2t

BAINBRIDGE “BAINBRIDGE Cless CGN USA (1)

Figure 4.26 Guided Missile Cruiser(CGN). N




to the left side with small difference from the
average high as shown in Figure 4.23.

NEWPOAT, “NEWPORT" Class LST usa 20

Figure 4.23 Tank Landing Ship(LST).

Guided missile destroyer - the beginning of the lump
starts at approximately 1/4 of the ship length from
the midships to the left side with its highest point
at the mast. After this the slope will decline in a
very rapid fashion following a noticable deck
distance, then the beginning of the second lump
occurs due to the redome presence. Therefore, the
lump will be narrow with great height, and will
terminate at approximatly 1/6 of the ship length from
the midships to the right side. Furthermore, there
is a little lump near the stern, this
distinguish destroyer of the same size as shown in
Figure 4.24.

Destroyer-lump characteristic will be similar to that
of guided missile destroyer except for the small lump
as in Figure 4.25.

Guided missile cruiser - The beginning of the first
lump is at 1/12 of the ship length from the midships
to the left side with highest point at the mast. The
lump size is large both in length and height and its
height decreases to the point which is a little above
the level between the bow and the stern. Therefore,

the second lump begins with almost the same size as
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D. SHIP DESCRIPTION

The shape of the ships depend upon the shapes and posi-

tions

of the lumps. Characteristics of the lumps for

different type of ships are as follows:

1.

Frigate - The beginning of the 1lump is at 1/6 of the
ship length to the left side of the midships and
the peak of the lump is at the mast which is located
at the midships. The termination of the lump
is approximate 1/3 of the ship length from the
midships to right side. In addition, the average
height of the 1lump is a 1little higher than the
level between the bow and the stern, and its size
is 1/2 of the ship length as shown in Figure 4.22.

7 GARCIA FF (with Lamps) USA 9

Figure 4.22 Frigate.

Container - The beginning of the 1lump is at 1/3 of
the ship 1length to the right side of the midships
while the lump is high and terminate at the stern.
The lump appears to be in a rectangular shape with
small crane.

Tank landing ship(LST) - The beginning of the lump is
at 1/4 of the ship length from the midships to the
left side; the height of the lump is higher than the
level between the bow and the stern by a small
margin, while its highest point is 1located at
approximate 1/6 of the ship length from the midships
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a. Procedure to Detect the Lump

Check a big or small lump by testing the conditions
of three varying values of Cy increments (ACy) in
sequence. If they are positive it is a big lump and
set the flag-lump to 1, otherwise it is a small lump
and set the flag-lump to zero; then go to 2

Check the present knot position to see where 1its
2 value equal to zero or to maximum Z value, if it is
Z maximum then stop, it not go to 3

If the process begins at the first knot position, set
the begin and the flag-end to zero; check the status
of the flag-lump for 1 (big lump) or O (small lump),
if it is a big lump, then go to 4. If it is a small
lump, then go to 7.

Check the status for the begining or ending of the
lump. If the flag-begin is 1, it represents that the
beginning of a lump is found, then go to 5. Otherwise
it's not found, then go to 6.

Find the ending of the big lump by testing the
conditions of 3 values of Cy increments in sequence.
The first 2 should be negative and the third should
be constant or positive. If the condition are
satisfied, store the 2Z value of the position of the
third knot, and the flag-begin to zero; then go to
10.

Find the beginning of the big lump by testing the
conditions of 3 different wvalues of Cy increment
(ACy) in sequence. The first Cy should be negative
or constant, the second should be positive, and the
third should be positive. If the conditions are
satisfied, store the 2 value of the position of the
second knot, and set flag-begin to 1; then go to 10.
Check the status for the beginning or ending of the
lump. If the flag-begin is 1, it represents the
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beginning of a lump is found, then go to 8. Otherwise Ei
it's not found, then go to 9. o
8. Find the ending of the small lump by testing the [
conditions of 3 values of Cy increment (A Cy) in ﬁ-
l\‘
sequence. The first one should be negative or .
constant. If the conditions are satisfied, store the E
Z value of the position of the second knot, and set -
the flag-begin to zero; then go to 10. ;
P_- "..-
.- 9. Find the beginning of the small lump by testing the -
- conditions of 3 values of Cy increment (A Cy) in =
h sequence. The first should be constant or negative, .
:: the second should be positive, the third should be
;i constant. If the conditions are satisfied, store the
position of the second knot, and set the flag-begin
to 1; then go to 10.
10. Move to the next knot, then go to 2.
This procedure is shown in Figure 4.29 and the detail of -
each procedure is shown in Appendix D. i?
-
i
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2. To Determine the Area Under a Lump

PO N S OO A O ML S M S P M N N S

The area under the lump can be determined by

AAREA = ACéACy +CyAcy

Suppose there is a

The area increment can be calculated by using eq(4.10).

the area under
under AB.

lump as

BC(which is negative)

(4.10)

shown in Figure 4.30.
Then
is added to the area

C D
4
C
o8
+
A Q g Cx

Figure 4.30

Next,

and add this to the last resulting area.

would represent the

Figure 4.31.

First Procedure to Determine the Area.

area under CD is calculated, which is positive

total area

Obviously, the sum

of the lump as shown in
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l
c
<] +
+
Cx Cx
+
A Q g Cx Cx
APQ-PBC

Figure 4.31 Step by Step Procedure to Determine the Area.

F. CONSTRUCTION OF THE DECISION TREE

The characteristics of ships used for «classification
are, the number of lumps, the area of lumps, the knot posi-
tions(2 value) and where the beginning of the lump and lump
maxima relative to the midships are located.

In view of the above characteristic, it is necessary to
find the relationships among them to make classification
possible. Therefore, for each of the eight different class
of ships, the decision tree is constructed which is based
upon relationships observed in the plots of the knot posi-
tion (2 values) for the beginning of the lumps normalized by
the total ship length (2 value) VS. the number of lumps; the
area of the lumps normalized by the total ship length
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(2 value) squared vs the number of lumps; and the 2 value of
the lump maxima, as shown in Figure 4.32 through
Figure 4.39.

Thus, according to the number of lumps presented in the
profile used as the first criteria, ships can be divided
into 3 distinct groups. Then, classification, can be made
by cémparing further characteristic as shown in Table III,
and the complete decision tree constructed from Table III is
shown in Figure 4.40.
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Comparison of Different Types of Ships
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G. SUMMARY
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The decision tree which 1is constructed from Table III

<.

does not provide 100-percent correct classification for all
types of ship images. Furthermore, the presence of noise in
images may cause complicatations in classifying the ships.
For example, with excessive noise in the original image,
Sobel operator for edge enhancement in the preprocessing
process, still yield result with residual noise present in
Figure 4.41. These residual noise is undesirable since it
causes failure to extract profiles which retain necessary
informations from the original images. The subsequent clas-
sification of profile by the Fou:ier Coefficient method and
the B-spline Coefficient method becomes difficult.

Figure 4.4i Noisy Image.

As discussed before in order to reduce the noise, an
"appropriate threshold gray value for the preprocessed image
is set. This results in a silhouette image. However, if the
value is too high the profile becomes broken which prevent

successful operation in the closing process discussed in o
chapter 2, as shown 1in Figure 4.42. On the other hand
decreasing the threshold value results in erroneous profile,
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as shown in Figure 4.43. In some cases, when the closing
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process is used, certain vital information is lost. This
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effect can be seen in comparing the image in Figure *“.44,
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erroneous profile. Consequently, failure
succeeding classification steps.

and Figure 4.45. Therefore, loss of informations due to the
attempt of eliminating noise and the inability
preprocessing process to cope with the residual noise,

occurs in

Figure 4.42 High Threshold.

Figure 4.43 Low Threshold.
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V. CONCLUSION

The shape of the superstructure of a ship is the most
important feature used in the classification algorithms. To
extract the edge profile, a Sobel operator is employed. The
limitation of a Sobel operator is that some small details of
the edge is lost. For example, the image of a DD at a range
of 79000 feet after applying the Sobel operator shows the
superstructure and the radar. But the edge of a small mast
disappeared as shown in Figure 5.1. Furthermore, if the
threshold value is set too big, the edge image of the super-
structure profile becomes broken. The top superstructure
profile is obtained by setting the gray wvalue under the
slope between the bow and the stern 'to zero. We need to
apply a contour tracking process to refine the superstruc-
ture profile. For some images, the connection of the broken
profile pieces may be achieved in a Closing operation as
discussed in Chapter 2. The disadvantage of the Closing
operation is that some small details of the profile may
disappear. The superstructure profile of a freighter at a
range of 53000 feet is shown in Figure 5.2. After the
Closing process the detail of the c¢ranes disappeared as
shown in Figure 5.3.

The ship <classification can be achieved by either the
Fourier Coefficient method or the B-spline Coefficient
method. In using these coefficients to classify ships, it
is found that only the initial coefficients that lie between
the Oth to the 20th, are relevant, while the rest are not.
Inspection of the comparison curves of the same <class of
ships shows that, similarities in patterns exists up to the
20-th point. Beyond that, diversities in shape are so great
that inclusion of those additional points for classification
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will be of no use. Examples are shown in Figure 5.4 and
Figure 5.5.

Figure 5.1 Edge Image of a DD at a Range of 79000 feet.

Figure 5.2 Before Closing Process.

Figure 5.3 After Closing Process.
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In the B-spline coefficient method the technique of
uneven knot selection has been employed. With the original
sampling points on the ship profile as input, a smaller set
of approximation samples are collected. These can be used to
reconstruct the ship profile with sufficient information
retained from the original image. The execution time as
appréached to that of handling the original data directly
has been greatly reduced. The reduction of the number of

sample points by almost a factor of 10 is common. For a CGN

ship a set of original sampling points of 290, has been
reduced to 36.

Comparing the two methods, Fourier Coefficient and
B-spline Coefficient, the former method, in some cases is

not effective to establish satisfactory classification of
ships. This is due to difficulties in matching similarities
of the shape of the coefficient curves. The latter,
however, surpasses the former in that it is able to classify
more ships accurately using computer programs. It 1is
possible to improve the reliability of those two methods by
reducing noise in the data collection process and the

preprocessing process.
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APPENDIX A
THE PROGRAM TO OBTAIN THE SUPERSTRUCTURE
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6-Dec-19846 17:18:40
Source Listing 6-Dac~-1384 17:18:31

program cut(input,outputsinfile,outfile):

type
byte = 0,.255:
imagarowl = packed array [0..257] of byte:
1magarow? packed array [0..255] of inteqer;
imagarow3 packed array [0..255] of byte;
rowl =2 ovacked array [(0..255] of bvte:
ros = packed array (0..255] of integer:

var
sobel : array (0..63) of imagerowl:
ied 3 byte?
t ¢ array [(0..65) of imagerowl:
outfile : file of imagerowl;
drsdyerange.drightyn,® lintejer;
infile : ftile of rowl:
slope : real:
image larray [(0..63) of rowl:
xenld .12.y1.12 S 1nteger;
NUM1,NUM2,NUM3 NUMS,max,minsmax]l I integer:
cal zarray [0..63] of rowls
thes 2 integer;
NAME : PACKED ARRAY [1..203 OF CHAR:

BEGIN

WRITELNC INPUT SHIP FILENAME QUT CUT.DAT®);
READLN(NAME )
MRITELNC"THRESHOLD )
“ADC(THES):
CELNCONUM TC CUT FRIM LEFT")S
Re (NUMLD:
MRIVELNC NUM2 TO CUT FROM RIGHT®):
READ(NUM2):
MRITELNC"NUM3 TO CUT FROM TOP7):
READC(NUM])
MRITELNC NYUMSG TO CUT FROM BUTTOM®)
READ(NUMG);
open (infile.NAME,history Ix=ald,
access_method =zsequential,

record_length :x256,record_type :=x=fixed);
open (outfile,"CUT.dat”,ni1story :snewsrecord_lenagth 22256,

record_type :xfixed):
resetlinfile):
reerite (outfile);
ii=03
while not eof (infile) do
oegin
read (infile,1ma3efil);
for Jj:=z0 to 255 do
fLi*lej*l] = imageli, jls
it=zie};
end

(®compute sobel®)
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c

C

C
C

T YU T 6T .

TERMZ = TERMZACY(LEI=CCIT, )

170 CONT INUE

TERM = WLIT)ZC((TERMLI=-XCIT))IEs2+(TERM2-YCIT))I%%2)
FPARY = FPARTSTERM

IF(NEW.EQ.0) GO TOD 180

STORE = TERMAQ,S

FPINT(I) = FPART-STORE

I = I+l

FPART = STORE

NEw = 0

180 CONTINUE

FPINT(NRINT) = FPART
DD 190 L=1,NPLUS

ADC A& NEW KNOT.
CALL NKNIJTCZoMeT NFPINT NROATALNRINT)
TEST WHETHMER WE CANNOT FURTMER INCREASE THE NUMARER OF KNOTS.
IF(N.EQ.NMAX .0OR. N.EQ.NEST) GO TO 200
190 CONYINUE
RESTART THE COMPUTATIONS WITH THE NEW SET QF KNQOTS.

200 CONTINUE

TEST WHETHER THE APPRIOXIMATION Y=SX(Z)e¥=SY(Z) WITH SX(2) AND SY(2)

THE LEAST-SJUARES KTn DEGREE POLYNDMIALS, I3 A SCLUTIIN OF QUR PROBLEM
250 IFCIER.EQ.-2) GO TO 440

cececeeceecccececcccccecececeeccceccecccecececccccecececccccccceccceccecccecccce

P aNaiataNaXakataXakakaRaRaRalaNaRaNalal el ol

(a]

PART 2: DETERMINATION OF THSE SMOOTHING SPLINES SXP(Z) AND SYP(1).
AL XS EIS L ICTLHI LTIV SR ARSCSBECILIL AL IR SR AESE LA TR RITF AL IBIRALIE
WE HAVE DETERMINED THE NUMBER OF KNOTS AND YHEIR PCSITION.

WE NOW COMPUTE THE B-SPLINE CQEFFICIENTS OF THE SMOJTHING SPLINES
SXP(2Z) AND SYP(l). THME DBSERVATION MATRIX A& I3 EXTENDED BY THE RCWS
OF MATRIX B8 EXPRESSING THMAT THE KTH DERIVATIVE DISCONTINUITIES OF
SXPCZ) AND SYP(Z) AT THE INTERIOR KNGOTS T(XK4¢2)y...T(N=-R=-1) MUST BE
ZERO. THE CORRESPONDING WEIGHMTS OF THESE ADDITIONAL ROMS ARE SET
TO 1/7SQRT(P)., ITERATIVELY WE THEN HAVE TO DETERMINE THE VALUE OF P
SUCH THAT FCP)IZSUMINIA((RI-SXP(ZI))&&24+4(VYI=-3YP(2]))*¢2) BE = S. ME
ALREADY KNQOW THAT THE LEAST-SQUARES POLYNDOMIALS CORRESPOND T0 P=0,
AND THAT THE LEAST-SQUARES SPLINES CORRESPOND TQ P=INFINITY. THE
ITERATION PROCESS WHICHM IS PRJIPOSED MERE, MAKES USE OF RATIONAL
INTERPOLATION. SINCE RCP) 1S A CONVEX AND STRICTLY DECREASING
FUNCTION JOF P, I1 CAN BE aPPROXIMATED 8Y A RATIONAL FUNCTION

R(P) = (UsPev)/(Ped). THREE VALUES OF P(P1,P24P3) WITH CORRESPOND-
ING VALUES OF F(P) (F1=F(P1)~5,F2=F(P2)~-S,F3=F(P3)-5) ARE USED

YO CALCULATE THE NEw VALUE GF P SUCH THAT R(P)=S. CONVERGENCE IS
GUARANTEED BY TAKING F1)>0 AND FI<CO.

(dedddddqdd4ddaddddddddddadqdddagddqddddddddqdddddadddqdadadddidadddsaads

EVALUATE THE DISCONTINUITY JUMP QF THE KTH DERIVATIVE OF THE
B-SPLINES AT THE KNOJTS T(L),L=K#2,...N=-K~1 AND STORE IN B.
CALL CISCOCT,N,K2,8)
INITIAL VALUE FOR P,
P1 = 0.
F1 = FPQ-S
P} = ~1.
F3 = FPmS
Pz =-Fl/F)
ICHECK = 0
NB = N-NMIN
ITERATION PROCESS 7O FIND THE RQQT QF F(P) = S.
00 350 ITER=1,mMaX]IT
THE ROWS OF MATRIX 2 &4ITH WEISHT 1/S5SQRT(P) ARE ROVATED INTO

THME TRIANGULARISED OBSERVATION MATRIX A wHICH IS STORSC IN 6.
PINV = 1.0/P

00 260 I=1.NK]
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3930
3930
4000
4010
4020
«030
4040
«050
4060
4070
«030
4090
4100
4110
4120
@130
4160
4150
4150
170
4180
4130
«200
4210
4220
4230
4240
~250
£260
4210
4280
4230
4300
4310
4320
«330
©360
4350
«360
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4380
«390
4400
4610
4420
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IF(PIV.EQ.0.) GO TO 110

122

3370

C CALCULATE THE PARAMETERS OF THE GIVENS TRANSFORMATION. 3380
CALL COSSINCPIV,WILDIAG(J)sCOSsSIN) 3390

C TRANSFORMATIONS YO RIGHT HAND SIDES. 3400
CALL ROTATE(PIV,COS,SINXIsRXCJD) 3410

CALL RATATE(PIV,COS,SIN YIWRY(JDI) 3420

IF(1.EQeK1) GO TO 120 3630

12 = 0 3440

I3 = o) 3450

D0 100 I1 = I3.k1 34560

12 = 1241 3470

C TRANSFDRMATIONS TO LEFT MAND SIDE. 3480
CALL ROTATE(PIV,COS«SINSHCILIACII2)) 3490

100 CONTINUE 3500
110 CONT INUE ’ 3510
C ADD CONTRIBUTION OF THIS ROW TO THE SuM OF SQUARES OF RESIOUAL 3620
C RIGHT MAND SIDES. 3530
120 FP = FPeula(Xiss2eVInn2) 3540
130 CONTINUE 3550
IFCIER.EQ.-2) FPO = FP 3560

C BACKWARD SUSSTITUTION TO QOBTVAIN THE B8-SPLINE CDEFFICIENTS. 35710
CALL BACKCA,RX,NK1,KsCX) 3580

CALL BACK{A,RY,NK1,K,CY) 3590

C TEST MHETHER THE APPROUXIMATION X=SXINF(2Z),Y=SYINF(I) IS AN 3600
C ACCEPTABLE SCLUTION. 3610
EPMS = FP=S 3620
IFCABSCFPMS).LTLACC) GO TO 440 3630

€ IF F(P2INF) < S ACCEPT THME CHOXCE OF KNOTS. 36«0
IF(FPMS.LT.0.,) GO YO 250 3650

C IF N=NMAX,SXINF(l) AND SYINFCL) ARE INTERPCLATING SPLINES. 3660
IFC(N.EQ.NMAX) GO T3 430 3670

T INCREASE THE NUMBER OF KNOTS. 3680
C IF NsNEST WE CANNOT INCREASE THE NUMBER OF KNJTS BECAUSE OF 3690
C THE STORAGE CAPACITY LIMITATION. 3700
IF(N.EQ.NEST) GO TO 420 3710

C DETERMINE THE NUMBER OF KNOTS NPLUS WE ARE GOING TO AQD. 3720
IFCIER.EJ.O0) GO TO 140 3730

NPLUS = 1 3740

IER = 0 3750

GO T0 150 3760

140 NPL1 = NPLUS32 3710
IFCFPOLD-FP.GT.ACC) NPL]1 = FLOAT(NPLUS)SFPMS/(FPOLD~FP) 3780

NPLUS = MINDCINPLUS®2,MAXOCNPL1,NPLUS/2,1)) 3790

150 FPQLD = FP 3800
C COMPUTE THE SUMCWISC(CXI-SXINFC(ZI))®82¢(YI-SYINF(II))®x2)) FOR 3810
C EACH KNOT INTERVAL T(JeKk) <= 2I <= T(J*Kel) AND STORE IT IN 3820
€ FPINT(J)yJ®1ls2s.-NRINT, 3830
FPARY = 0, 3840

I =21 3850

L= K2 3860

NEW = 0 3870

00 180 IT=1l,M 3890
IFCICITY.LTLTCL) OR. L.GT.NK1) GO YD 160 3890

NEW * 1 3900

L= Lel 3910

160 TERML = 0. 31320
TERMZ = 0. 39130

LD = L-K2 3940

D0 170 J=rl,Kl 395¢C

LO = LOe1l 3960

TERML = TERMICX(LOISCL{IT J) LERAN
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40 CONTINUE 2760 Sl
G0 TQ 60 2110 e
€ IF $S>0 DUR INITIAL CHOICE OF KNOTS CEPEND3 ON THME VALUE OF IOPT. 2190 N
C IF IDPY20 GR 10PT=1 AND S>3FPO, WE START COMPUTING THE LEAST-SQUARES 2790 o
C POLYNOMIALS OF DEGREE K WHICH ARE SPLINES WITHOUT INTERIOR KNOTS. 2800 o
€ IF I0PT=1 AND FPOD>S ME START COMPUTING THE LEAST~SQUARES SPLINES 2810 :51
C ACCORDING YO THE SET OF KNOTS FOUND AT THE LAST CALL OF THE ROUTINE. 2820
45 IFCIOPT.LE.O) GO VO SO 2830 )
IFCFPO.GT.S) GO 10 60 2840 1
SO N 3 NMIN 28BS0 4
NRDATA(C1) = M=2 2860 )
€ MAIN LODP FOR THE DIFFERENT SETS OF KNOTS. M IS & SAVE UPPER BOUND 2870 o
C FOR THE NUMBER OF TRIALS. 2830 A
60 DD 200 ITER = 1,M 2830 ;
IFCN.EQ.NMIN) IER = =2 2900 -
€ FIND NRINT, TNE NUM3ER OF KNOT INTERVALS. 2910 -
NRINT 2 N=-NMINel 2920 ERg
C FIND THE POSITION OF TME ADDITIONAL KNOTS WHICH ARE NEEDED FOR 2930 T
C THE B~SPLINE REPRESENTATION OF SX(I) AND $Y(CZl). 2940 -
NK1 = N=K1 2950 ]
1 =N : 2960 -
D0 70 J=l.K1 2970 L
T¢J) = 18 2980
TC1) = lE 2990 4
I = I-1 3000 e
70 CONTINUE 3010 )
C COMPUTE THE B-SPLINE COEFFICIENTS OF THE LEAST-SQUARES SPLINES SXINF(Z) 3020 -
C AND SYINF(Z). THE OBSZRVATION MATRIX a4 IS BUILT UP ROW 3Y ROW AND 3030 T3
€ REDUCED TQ UPPER TRIANGULAR FORM 8Y GIVENS TRANSFORMATIONS 3040 T
€ WITHOUT SQUARE R00TS. AT THE SAME TIME FP=F(P=INF) IS CIMPUTED 3050 ;
P = 0. 3060
C INITIALIZE ThE DBSERVATION MATRIX A. 3070

03 80 I=1.MK}

3080 EA
DIAG(I) = 0. 3090 s
RXCI) = 0. 3100 Foe
RY(I) = 0. 3110 o1
D0 80 J=1,X 3120 Y
ACl,Jd) = 0. 3130 D
80 CONTINUE 3140 oy
L =K1 3150 ’
D0 130 IT=l,n 3160 .
C FETCH THE CURRENT DATA POINT XCIT),YCIT)o2CIT). 3170 .
XI = X(IT) 3180 o
YI = YCIT) 3190 S
1 = Z2C1T) 3200 -
NI = wWCIT) 1210
€ SEARCHM FOR KNOT INTERVAL TCL) <= ZI <= T(L+1). 3220
TFCZI.GE.TCL®1) AND. LoNE.NK1) L = L+l 3230
C EVALUATE THE (Ke+1) NON-ZERC B~-SPLINES AT ZI aND STORE THEM IN Q. 3240 -—
CALL BSPLINCToNGK,ZI,LeH) 3250 -
D0 90 I=1,k1 3260 <
IFC(HMCID.LTL0.1E=-0T) H(I) = 0. 3270 N

QCIT,I) = HCI) 3240 -
90 CONTINUE

3290 u

€ ROTATE THE NEw RONW OF TME OBSZRVATION MATRIX INTO TRIANGLE BY 3300 <
€ GIVENS TRANSFORMATIONS WITHAQUT SQUARE ROCTS. 3310

J = L-K1 ‘ 3320 =

DG 110 I=1,K1 3330 S

IF(WL.€Q0.0.) GO TO 130 3340 .

J = Jel 3350 S

PIV * n(I) 1350 o

121 o
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IFC(K.LEL.Q) IER = 10
IFCM.LT.K1 ,OR, NEST.LT.NMIN) IER = 10
IF(S.LT7.0.) IER = 10
IFCIER.NELD) GO T0 440
C CHECK WHETHER THE IZ-YALUES ARE PROVIDED WITH BY THE USER.
IFCIPARLNE, D) LC TO 6
C FIND FOR EACH DATA PUOINT A CORRESPONDING VALUE OF THE PARAMETER
C AND FIX THE BOUNDARIES I8 AND ZE.
(1) = 0O,
DO & I=x2,M
ICL) = ICI-1)+SQRYC(XCII=-XCI~1))o224(V(I)~Y(I~1))%%2)
& CONTINUE
8 = (1)
IE = 2(M)
6 IF(ZB8.GT.2C1) <OR. ZE.LT.Z(M) .OR. WC1).LE.0.) IER = 10
D0 10 I=2,M
IFC2(1I-1).6E.2(1) .DOR. WCI).LE.O.) IER = 10
10 CONTINUE
IFCIER.NE.O) GO TO 440
C CALCULATION OF ACC, THE ABSDLUTE TOLERANCE FOR THE ROJT OF F(P)=S.
ACC = TOL=*S ’
({44 ddddddddddddddddddddddddddfddddddddddddddd dddddduddddddddddd 4o Fd S oJ ] o
PART 1: DETERMINATION OF THE NUMBER OF XNOTS AND THEIR POSITION C
EREXBXERCHLALTE AR ILR LR BL LB BIE LAV ICTE L ZVEEFXAXZ LT TRAPAE LS c
GIVEN A SET OF KNOTS WE COMPUTE THE LEAST-SJUARES SPLINES SXINF(Z) (
AND SYINF(Z).IF THE Sum F(P=INFI<=3 wE ACCEPT THE CrOICE OF KNOTS. C
OTHERWISE WE MAVE TO INCREASE THEIR NUMBER. c
THE INITIAL CHDICE OF KNOTS DEPENDS ON THE VALUE OF S AND IDPT. c
IF S=0 WE HAVE SPLINE INTERPOLATION; IN THMAT CASE THE NUMBER OF C
KNOTS EQUALS NMAX = MeKe+l, [
IF S > 0 anD C
I0PT=0 WE FIRST COMPUTE THE LEAST-SQUARES POLYNOMIALS QF C
DEGREE K: N = NMIN s 28Ke?2 c
I0PT=1 MwE STARY WITH THE SET OF KNOTS FOUND AT THE LAST c
CALL OF THE ROUTINE. EXCEPT FOR THE CASE THAT S > FPO: THEN C
WE COMPUTE DIRECTLY TME LEAST-SQUARES POLYNOMIALS OF DEGREE k. C
geceececcceeccaceccececcccecceecccecceececceeccceccccceceecccecccccccececcece
DETERAMINE NMAX, THE NUMSER OF KNOTS FOR SPLINE INTERPOLATION.
NMAX = Mex]
IF(8.6T.0.) GO TO 45
C IF $=0, SXCI) AND SY(Z) ARE INTERPOLATING SPLINES.
N = NRAX
C TEST WMETHER THE REQUIRED STORAGE SPACE EXCEEDS THE AVAILABLE ONE.
IF(NL,GT.NEST) GO TO 420
C FIND THE PQOSITION OF THE INTERIOR KNOTS 1IN CASE OF INTERPIOLATION.
MKl = M-x}
IF(MK1.EQ.0) GO YO 60
K3 = K/2
I = K2
J = K32
IF(K322.EC.K) GO TO 30
D0 20 t=1,MK1
TC1) = 1€
I = le}
J s Sl
20 CONTINUE
GD YO 60
30 DO 40 L=1,mMK1
TCI) = (2CJI)-2CJ-1))%0.5
I = 1.1
J o= Je)
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2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2210
2280
2290
23900
2310
2320
2330
2340
2350
2360
2370
23840
2390
2400
2610
2420
2430
2640
26450
2460
24170
2480
2490
2500
2510
2520
2530
2540
2550
2560
2510
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2120
2730
27140
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IER==-2:NORMAL RETURN, SX(Z) AND SY(Z) ARE POLYNOMIALS OF DEGREE
IER>0 :ABNORMAL YERMINATION.

IEZR=1:THE REQUIRED STORAGE SPACE EXCEED3 THE AVAILABLE
STORAGE SPACE,SPECIFIED BY THE PARAMETER NEST.
PROBABLY CAUSESINEST OR S TOO SMALL.

IER=23A THEQRETICALLY IMPOSSIBLE RESULT WAS FOUND DURING
THE ITERATION PROCESS.

PROBABLY CAUSES:TOL TOO SMALL

IER=3:THE MAXIMAL NUMBER DF ITERATIONS MAXIT MHAS BEEN

REACMED.
PROBABLY CAUSES:MAXIT OR TOL YOO SMaLL.
IER=10:SOME OF THE INPUT DATA ARE INVALID(SEE RESTRICTIONS).

RESTRICTIONS:
1) MDO>K >0
2) B K= I(R) € I(Re1) <= lE, Rx=lo2veeM=1. (IPAR = 1)
3) WCR) > Os R=1,425caeM.
) 5 >= 0.
§) NEST > 28Ke2,

OTHER SUBROQUTINES REQUIRED:
BSPLIN,COSSINJROTATE,BACK NKNOT,DISCO AND RATION.
DIMENSION X(M)oYLMIZM(M)2ZCM),TC200),CXC2C00),CYC200),
€ FPINT(200)¢RXC200),RY(200)+DIA6(200),0PRIMEC200),

€ GC20C,6)+8C200,7)4QC400,6)s1(T) NRDATAC200),A(€200,5)

COMMON/OPT1/NRDATACNEST) oFPOFPOLDINPLUS

NRDATA: INTEGER ARRAY,LENGTH MEST,WHICHM GIVES THE NUMBER OF
DATA POINTS INSIDE EACH KNOT INTERVAL.

FpPO : REAL VALUE, WNICH CONTAINS ThE SUMCWIR(*I-SX(ZI))®32)+
SUM(WIBCYI-SYC2ZE))®22) WITH SX(Z) AND SY(Z) LEAST-SQUARES
POLYNOMIALS OF DEGREE K.

FPOLD : REAL VALUE WHICH CONTAINS THE SUM(WIE(XI-SX(I1))*%2)e
SUMCHWISC(YI-SYCZId)»22) WITH SXCZ) AND SY¥CZ) LEAST-SQUARES
SPLINS FUMCTIONS CORRESPONDING TO THE LAST FODUND SET OF
KNOTS BUT ONE.

NPLUS = INTEGER VALUE,GIVING THE MUMBER OF KNOTS OF THE LAST
SET MWINUS THE NUMBER OF TME LAST SET BUT ONE.

COMMON/OPT1/NRDATAFPO,FPOLD,NPLUS
ODATA INITIALIZATION STATEMENT TO SPECIFY

TOoL : TME REQUESTED RELATIVE ACCURACY FOR TME ROOT OF F(P) = S.

MAXIT: TME MAXIMAL NUMBER OF ITERATIONS ALLOWED.

NEST : AN OVER-ESTIMATE OF THE NUMBER DOF KNOTS N. THIS PARAMETER
MUST BE SET BY THE USER TOD INDICATE THE STORAGE SPACE
AVAILABLE T0 THE SUBROUTINE. THE DIMENSION SPECIFICATIONS
OF THE ARRAYS T ,CXoCYJNRDATA,FPINT RX,RY,DIAG,OPRIME(N),
ACNSK) o GCNgKe1)sB(NoK*2),0(MyKe1) AND H(K+2) DEPEND
ON NoM AND K. SINCE N IS UNKNOWN AT THE TIME THE
USER SETS UP THE DIMENSION INFORMATION AN OVER-ESTIMATE
OF THESE ARRAYS WILL GENERALLY BE MADE. THE FOLLOWING
REMARKS ARE INTENDED TO MELP THE USER

1) 28Ke2 <= N (2 MeKe]
2) THE SMALLER THME vaLucs JF S, THE GREATER N wlLL BE.
3) NORMALLY N = M/2 IS AN OVER-ESTIMATE.
OATA TOL/0.001/7,MAXIT/7207+NEST/200/
BEFORE STARTING COMPUTATIONS A DATA CHECK I35 MADE. IF THE INPUT
DATA ARE INVALID CONTROLE IS IMMEDIATELY REPASSED TQ THE DRIVER
PROGRAM (1ER=10).
JER = ¢
Xl = R+)
K2 = Klel
NMIN = 28K]1
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K 1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1630
1700
1710
17120
1730
17640
1750

1790
1800
1810
1820
1830
1840
1650
1860
1870
1830 e
1890 %4
1900 Sl
1910 A
1920 e
1930 N
1940 et
1950 et
1960
1970 .
1980 T
1990 R
2000 ..
2010 N
2020
2030
2040 =7
2050
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SUBRCUTINE PARAMUX oY oZoeWoMeIBoZEoKeSoNoToCXoCYLFP,IDPT,IPAR,IER) 0930

GIVEN THE SET OF DATA PJINTS (XCI),¥(1)) W4ITH CORRESPONDING 2- 0940
VALUES 2CI)sI1214290..M AND GIVEN ALSO THE SET OF POSITVIVE 0950
NUMBERS WCI)sI=1e2s..oMe SUIRQUTINE PARAM FINOS A SMOOTH APPROXIMAT- 0960
ING CURVE WITH PARAMETER REPRESENTATION X = SX(I)» Y = SY(D). 0970
SXCZ) AND SY(2) ARE TWO SPLINE FUNCTIONS OF DEGREE K WITH THE NUMBER 0980
AND THE POSITION OF THE KNOTS T(J)eJmle2sesoN AUTOMATICALLY 0990
CHOSEN B8Y THE ROUTINE. THE SMOOTHNESS OF SX(I) AND SY(Z) IS 1000 *
ACHIEVED BY MINIMALIZING THE SUMCOXCR)#82¢DY(R)3%2) WHERE DX(R) 1010 D
AND DYCR) STAND FOR THE DISCONTINUITYJUMP OF THE KTH DERIVATIVE 1020 4
OF SX(2) AND SY(Z) AT THE KNOT T(R), RaKe2,...N-K-1. 1030 .
THE AMOUNT OF SMOOTHNESS IS DETERMINED 8Y THE CONDITION THAT F(P) = 1040 .~
SUMCHCIDI®CCXCTI=SXCICI)I)ne2 »(YCI)=SYCZCI))I3¢2)) BE €= S, WITH 1050 -
S A GIVEN NON-NEGATIVE CONSTANT, 1060 -
THE SPLINE FUNCTIONS SXCZ) AND SYCZ) ARE GIVEN IN THEIR B-SPLINE 1070 |y
REPRESENTATION (B-SPLINE COEFFICIENTS CXCJ),RESP. CY(J)ed*lseeaN=K=1) 1030 pat
AND CAN BE EVALUATED B8Y MEANS OF FUNCTION DERIV. 1090 ;]
CALLING SEQUENCE: 1100 "
CALL PARAMCX (¥ oZoWoMo2By2EoKySyNeToCX4CY,FP,ICPT,IPAR,1ER) 1110 "
. 1120 "
INPUT PARAMETERS: 1130 -
x 2 ARRAY,LENGTH M, CONTAINING THE ASSCISSAE DOF THE DATA POINTS 1140 -
Y : ARRAY,LENGTM M, CONTAINING THE ORDINATES OF THE DATA POINTS 1150 . |
" 2 ARRAV,MINIMUM LENGTH M,CONTAINING THE WEIGHTS W(ID. 1160 iy
" 2 INTEGER VALUE,CONTAINING THE NUMBER OF DATA POINTS. 1170 o4
X ¢ INTEGER VALUE,CONTAINING THME DEGREE OF SX(I) AND SY(I). 1180 N
s : REAL VALUE,CONTAINING THE SMOOTHING FACTOR. 1130 -
I0PY : INTEGER VALUE WHICH TAKES THE VALUE 0 OR 1. 1200 "
I0PT=0: THE ROUTINE WILL RESTART ALL COMPUTATIONS. 1210 e
10PT=1: T4E ROUTINE WILL START WITH THME KNOTS FOUND AT THE 1220 -
LAST CALL OF THE ROUTINE. IF 10PT=1 THE OUTPUT 1230
PARAMETERS T AND N ARE INPUT PARAMETERS AS WELL. 1240
IF I0PT=1 TME USER MUST PROVIDE WITH A COMMON BLOCK 1250
COMMON/OPT1/NRDATACNEST) sFPOWFPOLD(NPLUS 1260
IPAR : INTEGER FLAG. 1270
IPAR = 0 FOR EACM DATA POINT (XCI)oYCI)) THE PROGRAM AUTIMATICALLY 1280
CHOCSES A CORRESPONOING VALUE OF THE PARAMETYER 1, I.E. 1290
ZC1)=032CI)*2CI~1)+SQRTCCXCII-XCI-1))%32e(v(I)~¥(I=1))8%2) 1300
THE BOUNDARIES FOR THE PARAMETER I ARE CMOSEN AS FOLLONWS 1310
28 = I€1) : LE = 2(M). 1320
IPAR = 1: THME USER MIMSELF PROVIDES WITH THE VALUES OF THE 1330
PARAMETER I AND MITH THE BOUNDARIES I8 AND ZE. 1340 .
2 : ARRAY,LENGTH M, COMTAINING THME VALUES OF THE PARAMETER 2 1350 2
(IPAR = 1) 1360 -
I8,1E: REAL VALUES, CONTAINING THE BOUNDARIES OF THE PARAMETER 2 1370 R
(IPAR = 1), 1380 o
1390 » 1
OUTPUT PARAMETERS: 1600 -—
T 2 ARRAY,LENGTH NEST (SEE DaTA INITIALIZATION STATEMENT), 1410 ooy
WHMICH CONTAINS THE POSITION OF THE KNOTS,J.E. TME POSITION 1420 )
GF THME INTERIOR KNOTS T(Xe2)s.a.TCN~K=1), AS WELL AS THE 1630 -4
POSITION OF THE KNOTS T(i)=T(2)=z...=T(Ke1)=ZB AND 2E = 1440 }A
T(N-K) =, 0 aT(N) WHICH ARE NEEDED FOR THE B-SPLINE REPRESENT. 1450 T
CXeCY: ARRAVS,LENGTM NEST, CONTAINING THE B~-SPLINE COEFFICIENTS 1460 S
OF SX(Z)s RESP. SY(2). 1670 Eal
N : INTEGER VALUE,CONTAINING THE TOTAL NUMSER OF KNOTS. 1480 —
FP ¢ REAL VALUE, WHICH CONTAINS THE SUM(NIZC(XI-SX(Z1))es2) 1490 g
¢ SUMCNISCYI-SY(ZIDI®32), i®1¢2see.M. 1500 o
IER : ERROR ZODE 1510 "
1ER=0: NORMAL RETURN. 1520 N
ISR2~ 1 INORMAL RETURN,SXCZ) AND SY(Z) ARE INTERPILATING SPLINES 1530 -
;-
=
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10-Dec-1956 13:53:33 vax-11
Source Listing 6~Dec-1984 17238213 _ORAQ:
N 3= 0 M:=203
FOR C 2=0 T0 200 DO BEGIN
FOR R =0 TOD 63 DO BEGIN
If C(FLRL,CI=255) AND (N=(0) THEN BSGIN

Cl 23 C; Rl 2=R: N = N+l
END:
IF (FLR4255-C1x255) AND (M=0) THEN BEGIN
€2 2= 255~(¢: R2 3= R3 M iaMel;
ENDS
END:
END:

WRITELNC COL1=",C1, ROMW1I="4R1,“COL2=",02,  RON2=",R2):
END:

y
",

A
‘) .

Q.

. .,

(SR EEEHELE SILESTLSEIRRBERIBZEEEREEE )
(s MAIN PROGRAM %)
SEGIN
WRITSLNC INPUT CUT OR CONLINE FILENAME®):
READLN(NANME);
OPEN CINFILE,NAME,HISTORY 2= OLD,
ACCESS_METMOD :=SEQUENTIAL,
RECORD_LENGTH :=2256,RECORO_TYPE :=FIXED):
OPEN (DUTFILE,“TR.DAT" HISTORY :sNEW,RECORD_LENGTH =256,
RECORD_TYPE :=FIXED):
RESETCINFILE):
REWRITE (OUTFILE);
R =03
WHILE NOT EOF CINFILE) QQ
BEGIN
READ CINFILE,IMAGELRID:
FOR C == 0 TO 255 0O
FLRe1,C+1) 3= IMAGELR.CIJ:

Fe Al T,
Tt

. . 8",
DRSO

R = Rel:
END:
FIRST:
R :=R1: C :=C1: CDIR :s1;
INITIAL:
WMILE (C<>C2) 0O BEGIN
STORE;
CMOVE: X
ENDS -
FOR I:=0Q TO COUNT DO .
ACROMEII,COLLI2) $=255;
FOR R:20 TD 63 DO BEGIN -
FOR C:=0 TO 255 DO s
QUTFILE~CC] := ACR.CI3 b
PUTCOUTFILE)D; o
ENDS O,
WRITELNC NUMBER=",COUNT) .
CLOSECINEILE) N
END.
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10-Dec-1984 133512133 vax-11
Source Listing 6~Dec-198+ 17:38:13 _ORAD:

ELSE IF (F0=0) AND (F7=255) THEN BEGIN C:=l-13
STORE: R:=R~1; CDIR:=0: END
ELSE BEGIN C:=(C-1: CDIR:=3; END:
END:
23 BEGIN
IF (F7=0) AND (F6=255) THEN BEGIN C:i=C-1%
COIR:=3; END
ELSE IF (F6=20) ANC (F5x2255) THEN BEGIN R:=Rel;]
STORE: C:=C~1: COIR:=3; END
ELSE IF (F5=0) ANC (Fé43255) THEN BEGIN R:=Re1}
COIR:=23 END
ELSE IF (Fo=0) ANC (F3%255) THEN BEGIN C:=le1]
STORE: R:=R+13 COIR:=1; END
ELSE IF (FJ=0) AND (F2=255) THMEN BEGIN (C:=(Ce1:
COIR:=1: END
ELSE IF (F230) ANC (F1=255) THEN BEGIN P:isR-13
STOREZ C:=C+1: CDIRI=1: END
ELSE BEGIN R:iszR-1; COIR:=0: END:

IF (F1=0) AND (F0=255) THEN BEGIN R:I=R-13
CDIR:=0; END

ELSE IF (F0=0) ANG (F7=255) THEN BEGIN C:=l-1:
STORE: R:=R-13 CDIR:=0; END

ELSE IF (F7=0) ANC (F62255) THEN BEGIN C:=(-1:
COIR:==3; END

ELSE IF (F6=0) AND (FS52255) THEN BEGIN R:=R+1:

STORE: C:=sC~1% COIR:=2; END
i ELSE IF (F520) AND (F6=255) THEN BEGIN R:zRe¢1:

COIR:=2; END OX

ELSE IF (F&x0) AND (F32255) THEN BEGIN C:=Le1: e

STORE; R:=zRel; COIR:=2: END N

ELSE BEGIN C:sCel; CDIRz=1: END; e

NG S
END:

A%

[ SRR

-
PROCEDURE INITIALS R
BEGIN o
FOR I :s0 TO 255 DO SEGIN o
COLCI :20: o
RONCIJ :=0: ‘
END3 -—
FOR J:s0 TO 63 DO BEGIN o
: FOR I:=0 TO 255 0O S
ACR,CI:x0: s
END; o
:20; v
B ENDS L
L PROCEDURE FIRSTS =
VAR {;
NoM INTEG:R: N
BECIN =
r
). o
N 115 u
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10~Dec~1384¢ 13:53:33 Vax-11 i
~. Source Listing &6~Dec~1986 17:38:13 _ORAOQ: =
‘ ‘e
- PROGRAM TRACECINPUT,OUTPUT,INFILE,DUTFILED: o
o -
- TYPE
~ BYTE = 0,.255;

b2

IMAGEROW] = PACKED ARRAY €0..255] OF BYTES

ROW]1 = PACKED ARRAY [0..2573 OF BYTE;
VAR

ReCLosFOFL4F2,F3,F4,FS5.F6,FT,F8 & BYTE:

F 2 ARRAY [0..65) OF ROW1:

Ay IMAGE : ARRAY [0..63] OF IMAGEROW1:

INFILE ¢ FILE OF ImMAGERODW1:

R1vC1oR2,C2¢CDIReI4JsCAUNT 2 INTEGERS

ROW,COL : ARRAY [0..512) OF INTEGER:

QUTFILE : FILE 0F IMAGEROWL:

NAME : PACKED ARRAY [1..203 JF CHARS

"1

¢

L

i .
)
L

[P

AR

s

o)

e

PROCEDURE STORE;

BEGIN
COLCId:=C~1:
ROWCIJ:=R~13
MRITELNCCOL=",C0LCY)s “RON=",RONLID);
COUNT :s=X¢
IsxTel:
ENDS

PROCEDURE CMOVE:
BEGIN

FO :mFIR=-1,CJ; Fli=aFCR=14C®1); F233FCR+C*11: F3:sFLRel,Ce1];
F4:aFL{Re1,CI; FS:aFLR+1,(~13; F6:=FLR,(-1]3 FT3:=F[R~-1,C~13;

CASE CDIR OF o
: BEGIN o
IF (F320) AND (F2x255) THEN BEGIN C:=C+l; CDIRI=1: END -
ELSE IF (F2x0) AND (F1=255) THEN BEGIN R:=R-1: pﬂ
STORES C:=Cel3 COIRI=20: END -
ELSE IF (F1=0) AND (F0=255) THEN BEGIN R:=R-13 T
COIR:=0; END T
ELSE IF (FO=0) ANG (FT7=255) THEN BEGIN C:=C-1} e
STORE; R:=’-1; COIRI=3; END N
ELSE IF (FT=0) AND (F6x225S) THEN BEGIN C:=C-1: .
CDIR:=3: END A
ELSE 1F (F6xC) ANC (FS5=2255) THEN BEGIN R:=Rels e
STORE: C:=C~1: COIR:=3; END
ELSE BEGIN R:xRel; COIR:=2; END; -~
ENDS N
: BEGIN N
I1F (FS=0) AND (F43255) THEN BEGIN R:mRe1: S
CDIR:=2; END
ELSE IF (Fée=0) AND (F32255) THEN BEGIN C:i=Cel; -
STORE; R:zRe1; COIR:I=1; END o
ELSE IF (F3=0) AND (F22255) THEN BEGIN C:=Ce+1l; i;
COIR:Z=i: END =
ELSE IF (F220) ANC (F1=2255) THEN BEGIN R:i=R-1; o
STORE; C:xCel: COIR:2Q;: END 2
€LSE IF (F1=0) ANC (F0=2255) THEN BEGIN R:=R-1; L
COIR::0; END K
o
-——
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6~Dec-1984 17:18:40 VAX-

Source Listing 6-Dec-1986 17:18:31 -DR¢

for j =0 -0 255 do
outfile~(j) := calli,ji:
out C(outfile):
endi(efork)
close(infile);
end,

.
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a 3= 03
n = 03
brighti= 255;
tor j 3= 0 to 150 do begin
for il=0 to 63 do begin
ifCcalli, jl=bright) and (n=0) then
begin
yl 2= j3
xl = §£3
N Iz pels
end; (zifx)
if(cal[igzss-jlsbright) and (m=d) then
begin
y2 3z 255-j:
X2 = §;
® 2z mels
end: (t1fz)
endi(xfars)
endi;(sfors)
.Pii.lﬂ(’lll'ollv'yl"vyln'IZ"QIZ"VZ"vYZJ3

(% cut lines)

slooe :21.0;
if x1=2x2 then
begin
slope = Q;
tar il=xle) to 63 do begin
for jisyl-5 to y2+5 do
callivjl :=0;
end:(sforsx)
endi(311%)
if slope<>0 then
begin
slope 22(x2-x1)/Cy2-yl);
it slope < 0 then begin
slope 3= abs(slope);
for j = yi1 to y2 do begin
X s 1101-round((j-y1)tslopo):
for i 3=x to 63 do
calliyjleo=0;
endi(sfors)
end; (2ife)
if slope >0 then begin
for ji= yl to y2 do begin
| S ¥ 3 -lOlOPOund((J-yl)tslopo):
for i :zx to 63 do
calli,jl) :=0;
endi(stors)
endi(®ifn)
eriteln(“stepl”);
enci(sife)

(*put gutfiles)

for i:20 to 63 do begin
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FOR J2:=0 7O 7 DD
FLb4yJ*248122FL63,444248]

for 4 = 0 to 63 do begin
fCi+1,0] 3= fLiel,eld:
1Li®1,257) :atli®1,2561;

end;

tor ji= 0 to 255 do begin
fC0sjel] 2= fLl,je112
tL65s*1] = fL64,5411¢

end?

fLIe0J2=t01,e11¢

fL0,s25722:=101,2561:

$065,02:=fL64,413:

65,2573 64,2582

OO  WIRN R At L

v w
s
y

-
'

(eset initial max, min %)

wax:s0;
waxls=03
mins=25953
for il= 0 to 63 do begin
for ji= 0 to 255 do began
dx:=flie jle2%flaely jIefLie2,j2-FLi,je21
=25 fCiely J421-FC142,5¢23;
dy = fCie2, jIe20FLie2, o100t ie2y 3¢22-¢C4, 3]
2% fL iy Jold=1tC1i,sJ¢2):
sobellisjli=sround((dasa2edyss2)2s0,5);
it max < sobelli.j) then
max = sobelli.jls
it min > sovellisj]) then
win = sobelliejds
end;d
end?
range % max—-wing

(% rescales)

for i2= 0 to 63 do begin
for ji= 0 to 255 do begin
callivj) 2= round(((sobelli,jl-mind)2255)/range):
1f (J<=NUML) or (J>=255-NUM2) then
calCio,jl :=0:
it (i<=NUMI) or (id=43-NUM4L) then
callivnjl = 03

(% cut theshold?)

IF THESC>0 THEN BEGIN
if calli,;J] <=thes
then

callisdd = ¢
else
callijl = 2553
END:
endsd
end;

(#find point at raw and afts)
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AR AR RAY L Ly

OPRIMECI) = DIAGLI) 4590

Cx¢I) = RX(I) 4600

CYCI) = RY(D) 4630

GCI,X1)> = 0. «620

DD 260 J=1,4K 4630

GC(l.J) = ACI, Q) 4640

. 260 CONTINUE «650

O D0 300 IT=1,N8 4660
l C. THE ROW OF MATRIX B IS ROTATED INTO TRIANGLE BY GIVYENS TRANSFORMATIONS., 4670
d DO 270 I=1,K2 4680

HCI) = BCIT,ID 4690

o 210 CONTY INUE 4700
B 1 = 0. 4710
i Y1 = 0. 720
S Wl = PINV 4730
s DO 290 J=IT,NK1 : 4760
I IFCMILEQ.0.) GD TO 300 4750
. PIV = H(1) 4760
o C CALCULATE THE PARAMETERS OF THE GIVENS TRANSFIRMATION. 4770
Ep CALL COSSINCPIV,WI,DPRIMECJ),COS,5IN) ) 4780
v C TRANSFORMATIONS 0 RIGHT HAND SIDES. 4790
CALL ROTATECPIV,COS,SIN,XI,LXCI)) 4800

CALL ROTATE(PIV,CO0S,SINyY1,CYCJI) 4810

IFCJ.EQ.NK1) GD YO 300 4820

12 = K1 4830

IFCJ.GT.NB) 12 = NK1-J 4840

DD 280 I=1,12 4859

C TRANSFORMATICNS 7O LEFT HAND SIDE. 4850

CALL ROTATECPIV,COS,SINyHCI*+1),GCJ,I)) 4870

nCl) = H(I+1) 48830

280 CONTINUE «890

H(I2+1) = Q. €900

230 CONTINUE 4910

300 CONTINUE . 4920

C BACKWARD SUBSTITUTION TOD DBTAIN THE B-SPLINE COEFFICIENTS. 4930

CALL BACK(G,CXsNK1,KsCX) 4940

CALL BACKCGoCYINKL1 oK CY) 4950

C COMPUTATION GF R(P), 4960

FP = 0. 4970

L= K2 4930

DD 330 1Tt=1,M 4990

IFCZICITIALTLTCL) +OR. L.GT.NK1) GO TO 310 5030

L= L+t 5010

310 L0 = L-r2 : 5020

TERM]1 = 0. 5030

TERM2 = 0. 50460

DO 320 J=1,K1 5050

LD = LD+1 5060

TERMY = TERM1+CXCLOIRQCIT,J) 5070

TERMZ = TERM2+CY(LODIBQCIT,J) 5030

320 CONTINUE 5090

FP = FPeC(ITISCCTERMI=XCIT)IS22+4(TERM2~Y(1IT))®22) 5100

330 CONTINUE 3110

C TEST WHETMER THE APPROXIMATION X=SXP(1).Y=SYP(CZ) IS AN ACCEPTABLE 5120

C SOLUTION. $130

FPMS = Fp=-3 5140

IFCABSCFPMS)LLTLACC) GO TO 440 5150

€ TESY WHETMER THE MAXIMAL NUMBER OF ITERATIONS IS REACNED. 5160

IFCITERLEQ.MAXIT) G0 T3 «00 5170

C CARRY OUT ONE MORE STEP OF TWHE ITERATION PROCESS. £130

P2 = 7P 5190Q
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AL NG st et Pt e i, S ML ML N M e S SO A R AT T T AT AT i W am s Ty T et w me s m o e = o
- " A - - = . e - - - -

£2 = FPMS 5200
IFCICHECK.NE.O) GD TO 340 5210
LF(CF2-F3).6T.ACC) GO TQ 335 5220
- C OUR INITIAL CMOICE OF P 15 TDO LARGE. 5230
- P = Px0,1E-02 5240
s P3 = P2 5250
i €3 = F2 ‘ 5250
u G0 TO 350 5270

l 335 IFC(CF1-F2).GT.ACC) GO TO 340 5280 )

o € OUR INITIAL CHOICE QF P IS TOO SHMALL 5290

: TYPE 3, VALUE OF P*,P Ted

P = Prl.1Ee04 5300 T

: P1 = P2 5310 o

- F1 = F2 5320 ol

GO 1O 350 5330 -

. C TEST NHETHER THE ITERATION PROCESS PROCEEDS AS THEORETICALLY 5340 k

I C EXPECTED. ’ 5350 S

o 340 IFCF2.GE.F1 .OR. F2.LE.F3) GO T0 410 5340

= ICHECK = ) 5370

C FIND THE NEW VALUE FOR P, 5380 S

P a RATIONCPL,F1,P2,F2,P3,F3) ’ 5390 =

350 CONTINUE 5400 .

C ERROR CODES AND MESSAGES. 5410 et

400 IER = 3 5620 L..

60 YO 440 5430 o

410 IER = 2 5640 -

G0 YO 440 5650

420 IER = | 5660

GO TO 440 5470 .

430 IER = -} 3480

4640 RETURN 5690 !"'

END 5500 b

SUBROUTINE BSPLINCT gNeKgXoLyH) 5510

C SUBROUTINE BSPLIN EVALUATES THE (Ke1) NON-LZERQ B~SPLINES OF 5520 L

C DEGREE K AT T(L) &= X < T(L+l) USING THE STABLE RECURRENCE 5530 s

C RELATION OF DE BOOR AND COX. 5540 .

C THE DIMENSION SPECIFICATIONS OF THE FOLLOWING ARRAYS MUST BE 5550 e

€ AT LEAST H(K+1),HH(K). 5560 o

DIMENSION TONDML6)4HNC5) 5570 .

MC1) = 1. 5580 E

D0 20 J=1,K 5590

D0 10 I=1,J 5600 -

NHCID) = HCI) 5610 RN

10 CONTINUE $620

H(1) = 0. 5630

DO 20 I=1,J S6+0 -

LI = Le) 5650 1

LJ = LI-J 5660 :

F o= HHCIDZCTCLID~TCLI)) 5670 -

HCI) = MCIDeFe(T(LI)-X) 5680

MCL+1) = Fe(x=T(LJ)) 5690 >

20 CONTINUE $T00

RETURN 5710 it

END 5720

SUBROUTINE COSSINCPIV,NI.WWyoCOSsSIND 5730
€ SUBROUTINE COSSIN CALCULATES THE PARAMETERS OF A GIVENS ST40

C TRANSFORMATION WNITHOUT SQUARE RODTS. 57150 -

STORE = PIvaul 5760 .

DD = WW+STORE2PIV -

IFCABS(DD3.LT41.5-36) DD=1.E~36 N

CCS = wWw/D) £ran :

-

£

-
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SIN = STORE/OD 5790 o
s W% = DD 5800 N
N Wl = COSaWI 5810 .
v RETURN 5820 e
. END 5830 . -
te SUBROUTINE ROTATECPIV,COS+SINsa,8) 5840 :
Ny C SUBROUTINE ROTATE APPLIES & GIVENS ROTATION TO A ANC B. 5850
Y STORE = 8 5860
B = COS&STORE+SIN®A 870
- A = A-PIVISTORE : 5880
" RETURN 5890
END 5900
" SUSROUTINE BACKCAs2sNeKoC) 5910
- C SUBROUTINE SACK CALCULATES THE SOLUTION OF THE SYSTEM OF 5920
-~ C EQUATIONS A3C = Z WITH & A N X N UNLIT UPPER TRIANGULAR MATRIX 5930
p C OF BANOWIDTH Kel, 5340
.I C ATTENTION: THE FIRST DIMENSION SPECIFICATION OF MATRIX & MySY 5950
K C BE THE SAME A5 IN THE CALLING PROGRAM. 5960
O DIMENSION AC2004K)42ZCN)4CCN) 5970
b CIN) = 2¢(N) ) 5980
L= 1 = N-1 $990
IF(1.£0.0) 6O TO 30 6000
DO 20 J=2,N 6010
STORE = 2(I) 6020
11 = x 6030
IFCJLLEK) I1 = J=-1 6040
ne=1 5050
o0 10 L=1,I1 6060
M= Mel 6070
STORE = STORZ-CCMISA(I,L) 6080
10 CONTINUE 6090
C(1) s STORE 6100
I = I-1 6110
20 CONTINUE 6120
30 RETURN 6130
END 6140
SUIROUTINE NKNOTCX My ToN,FPINT,NRDATA,NRINT) 6150
C SUBROUTINE NKNDT LDCATES AN AODITIONAL KNOT FOR 4 SPLINE OF DEGREE 6160
C K AND ADJUSTS THE CORRESPINOING PARAMETERS,I.E. 6170 .
(4 1 : THE POSITION OF THE KNOTS. 6180 91
c N ? THE NUMBER DOF KNOTS. 6190 S
C  NRINT : THE NUMBER OF KNOTINTERVALS. 6200 ]
4 FPINT : THE SUM QOF SQUARES OF RESIDUAL RIGMT HAND SIDES 6210 o
4 FOR EACM KNIT INTERVAL. 6220 S
4 NRDATA: THE NUMBER OF DATA POINTS INSIDE EACH KNOT INTERVAL. 6230 N
C THE ARRAYS T,FPINT AND NRDATA MUST HAVE THE SAME DIMENSION 6240 -
C SPECIFICATIONS AS IN THE CALLING PROGRAM, 6250
DIMENSION X(M),T€200),FPINT(200),NRDATAC200) —
K = (N=-NRINT-1)/2 62710 e
€ SEARCH FDR KNOT INTERVAL TCNUMBEReK) = X <= T(NUMBER®K+1) WMERE 6280 2
C FPINTCNUMBER) IS MAXIMAL ON THME CONDITION THAT NRDATA(NUMBER) 6290 s
C NOT EQUALS ZERD. 6300 -
FPMAX = 0. 6310 >
JBEGIN = 1 6320 .
DO 20 Js1 NRINT 6330 »
- JPOINT = NRDATA(J) 6340 -
IF(FPMAX.GE.FPINT(J) .JR. JPOINT.EQ.0) G3 TO 190 6350 s
FBMax = FPINTCJ) 6360 e
NUMBER = J 6370 -
MAXPT = JPOINT 6380 -
MAXBEG = J3EGIN PRETS -

126 . o
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10 JBEGIN = JB:GINOJPOINTOI 6400
. 20 CONTINUE 6410
~ C LET COINCIDE THE NE- KNOT T(NUMBEReK+1) WITH A& DATA PJIINT X(NRX) 6420
e C INSIDE THE OLD KNOT INTERVAL TCNUMBER4K) <= X <= T(NUMBER+Rel). 6430
P IHALF = MAXPT/2+¢1 6440
N NRX = MAXBEG+IMALF 6450
NEXT = NUMBER+} 6450
IF(NEXTLGT.NRINT) GD TO 40 6470
C ADJUSTS THE DIFFERENT PARAMETERS. . 6430
D0 30 J=NEXT,NRINT 6490
JJ = NEXT+NRINT-J 6500
FPINTCJJel) = FPINTCJIY) 6510
NRDATA(JJ*1) = NRDATA(CJJ) 6520
JK = JJeK 6530
TCIR+1) = T(IK) 6540
30 CONTINUE 6550
40 NRDATACNUMBER) = I4ALF-1 6560
NRDATACNEXT) = MAXPT-IMALF 6570
FPINTC(NUMBER) = FPMAX®FLOATC(NRDATA(NUMBER))/FLOAT(%AXPT) 6530
FPINT(NEXT) = FPMAX®FLOAT(NRDATA(NEXT))/FLOAT(MAXPT) . 6590
JK = NEXTeK 6600
TCIK) = X{NRX) 6610
N = Nel 6620
NRINT « NRINTe1 6630 >
RETURN 6640 R
END 6650 ok
SUSROUTINE DISCOCT,N,K2,8) 5660 .
€ SUBROUTINE DISCD CALCULATES THE DISCONTINUITY JUMPS DF THE KTH 6670 e
C DERIVATIVE OF THE B~SPLINES OF DEGREE K AT THE KNOTS T(Ke2)..T(N-K-1) 6690 -
C THE FIRST DIMENSION SPECIFICATION DOF THE MATRIX B MUST HE THE SAME AS 6630 -~
C IN THE CALLING PROGRAM; KW MUST HAVE A DIMENSION SPECIFICATION AT 6700
C LEAST 22K+2. 6710
DIMENSION TCN)>¢BC290,K2),1(12) 5720
K1 = x2-1 6730
K = K1-1 6740
NK1 = N-K1 6750
00 40 LTK2,NK1 6760
LMK = L-K1 6770
30 10 J=1,K1 6780
IK = JeKl 6790 .
Ly = LeJ 6890 o
LK = LJ~K2 6810 A
HCJ) = TCLI=TCLK) 6820 e
HOIR) = TCL)-TCLY) 6830 T
10 CONTINUE 6840 .
LP = LMK 6350 ST
00 30 J21.K2 6860 =
JK = geK 6870
PROD = 1. 6880 =
DO 20 I=J,yJK 6890 o
PROD = PROD®EH(I) 6900 -
20 CONTINUE 6910 FRK
LK = LPeKl 6920 b
BCLMK,J) = (TCLKI=TCLP))/PROD 6930 o
LP = (Pel 6940 £ .1
30 CONTINUE 6950 ~—
40 CONTINUE 6950 oG
RETURN 6910 ::
END 6980 el
FUNCTION RATIONCPI F1,P2,F2,P3,F3) 6990 o
C GIVEN THREE POINTS (PloF1),(P2,F2) AND (P3,F3), FUNCTION RATION 7010 gu
be ®
SR
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GIVES THE VALUS OF P SUCH THAT THE RATIDNAL INTERPOLATIRG FUNCTION
OF THE FORM R(P) = (UsP+VIZ(P+u) SQUALS 2ERD AT P.
IF(P3.6T.0.) GO TO 10
VALUE OF P IN CASE P3 = INFINITY,
P = (PL&(F1-FI)BF2-P28(F2-F3)aF1)/((F1~-F2)%F3)
G0 10 20
VALUE OF P IN CASE P3 “= INFINITY.
10 Hl = F1%(F2-F3)
M2 = F2#(F3-F1)
M3 = FIR(F1-F2)
P = «(P12P24n3+P22P3&H]1+P32P1BN2)I/(PLENLP2EH24PIZH])
ADJUST THE VALUE OF P1,Fl,P3 AND F3 SUCH TWAT F1 > 0 AND F3 < 0.
20 IFC(F2.lT.0.) GO YO 30
P1 = P2
F1 = F2
GO TD 40
30 P3 = P2
3 = F2
40 RATION = P
RETURN
END
FUNCTYION DERIVCT,N,CoNK1 NU,ARG,L)
FUNCYION OERIV EVALUATES A SPLINE S(X) OF DEGREE K WHICH IS
GIVEN IN ITS NORMALIZED B-SPLINE REPRESENTATION OR CALCULATES
DERIVATIVES OF ANY SPECIFIED ORDER NU.

CALLING SEQUENCE
VALUE = DERIVCT N,CyNK1,NUJARG,L)

INPUT PARAMETERS:

T ¢ ARRAY,MINIMUM LENGTH N, WHICH CONTAINS THE POSITION
OF THE KNOTS OF SCX)sl.E. THE POSITION OF TWE INTERIOR
KNOTS T(K¢2)seas TCN=K=1) AS WELL AS THE POSITION OF TME
KNOTS T(1)eewaTC(K+1) AND T(N-KlpaesT(N) WHICH BRE NEZDED
FOR THE B8-SPLINE REPRESENTATION.

N ¢ INTEGER VALUZ GIVING THE TOTAL NUMBER OF KNOTS OF S(X).

C : ARRAY,LENGTH NK1, CONTAINING THME B-SPLINE COEFFICIENTS.

NR1 2 INTEGER VALUE,GIVING THE DIMENSION OF S(X)esI.ENKLl = N-K-1.
NU 5 INTEGER VALUE WHICH GIVES THE ORDER OF TYHE DERIVATIVE.

ARG 2 REAL VALUELGIVING TME VALUE OF THE ARGUMENT.

L H

INTEGER VALUE WMICH SPECIFIES THE POSITION OF THE ARGUMENT
I.2. TCL) <= ARG < T(Lel) ar
L = NK1 IF ARG = T(NK1l+l).

QUTPUT PARAMETER:

VALUE: REAL YALUELGIVING THE VALUE OF THE NUTH DERIVATIVE QOF
SCX) AT X = ARG.

OTHER SUBROUTINES REQUIRED: NONE.

RESTRICTIONS:
1) NU D=2 0
2) T(Kel) <= ARG <= T(NKlel)
THE OIMENSION SPECIFICATION OF THE ARIAY H MUST BE AT LEAST Kel.
DIMENSION T(N),CCUNKL1)I4H(S)
DERIV = O,
K]l = N-NK]
IF(NU.LT.0 .OR. NU.GE.K1) RETURN
00 100 I=1,K1
Ik = Le+l-K]
H(I) = CCIK)
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7010
17020
T030
10«0
7050
7060
7070
7080
7090
7100
1110
1120
7130
71460
7150
T340
7110
1180
7170
7200
ra21o
1220
7230
7240
1250
1250
1270
1280
7290
7300
7310
7320
1330
7340
7350
7350
7370
7380
7390
1400
1410
7420
7430
Teb4Q
7450
7460
7470
7480
T490
1500
7510
7520
7530
7540
1550
1560
1570
7580
1590
7600
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100

200

300

400
500

R

RN SO AE NG

R A RS

CONTINUE 1620
IF(NU.EQ.0) GD TO 300 7630
NU1l = NUe) 7640
DC 200 J4=2,NU1 7650
DO 200 JJy=sJ,Kk1 7660
I = Jex1-Jy 1670
LI = Lel-x1 7680
Ld = Lel-Jey 7690
HC(I) = (HCI)=NCI-1))/7CTCLII)-TCLI)) 7700
CONTINUE 1710
IF(NU.EC.X1-1) GO TO 500 T720
NU2 = NYe2 7730
OC 400 J=Ny2,k} 7740
00 400 Ju=Jy,x} 7150
I = Jexi-yy 1760
L1 = {e1-x} 1770
L = Lel=yo} 7780
H(l) = ((IRG—‘(L!))tﬂﬂl)ﬁ(Y(LJ)vllc)SH(I—l))/(T(LJ)-l(LI)) 17130
CONTINYE 7800
DERIVY = n(x}) 7810
IF(NU.EC.D) RETURN 7820
D0 600 I=1,NUu 7830
DERIYVY = DERIVSFLOAT(K1-]) 7860
CONTINUE 7850
RETURN 7860
END 1870
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APPENDIX D
THE PROGRAM TO FIND B-SPLINE COEFFICIENT
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10-Dec-1784 16:37:51 vax-1 Lo ]
Source Listing 10-Dec-1984 16:37:39 -DrAQ o
--‘-\
PROGRAM BSPLINECINPUT,OUTPUTSINFILE,QUTFILE): ?;-
TYPE ':. y
BYTE = 0..2553 .y
IMAGEROW1 = PACKED ARRAY (0..255) OF BYTE:
ROW1 = PACKED ARRAY [0..257) OF BYTE: . o
SHIP = PACKED ARRAY [0..53,0..255] OF BYTE; .
DAl = PACKED ARRAY [0..512] OF REAL: :.{
DA2 = PACKED ARRAY [1..3003 OF REALS s
VAR .
ReCoFOF1eF2,F3,F& F5,F6,FT,F8 = BYTE; o
F : ARRAY [0..65) OF RONW1: e
A IMAGE : SHIP; .
INFILE : FILE OF IMAGEROWI1: Rk
SPX,SPY,SPX1,SPYl : PACKED ARRAY [0..512] OF REAL: ..
R14C14R2,C2,CDIRsIsJsJ1+COUNT,NEG ZINTEGER: .
TEMPX,TEMPY,RA : REAL: S
Mo IOPT Ko IPARYNJIER,ANS¢NU,ANS19ANS2,ANS3 ¢ INTEGER: . A
NK1,NENO,L MEY ZINTEGERS T
Wel :PACKED ARRAY [0..512) OF REAL: T
SelBy2S,FP : REAL?
. ARG, THETA,TOLE : REAL: ”- .4
. FLAG_BEGIN,FLAG_END.AK,LUMP : INTEGER; r. ]
X BEGJEN : PACKED ARRAY [1..53 OF REAL: =
BEGN,ENN ¢ PACKED ARRAY [l..5] OF INTEGER: red
ToCXsCY :PACKED ARRAY [1..300) OF REAL: RN
COL,RON :PACKED ARRAY [0..512) OF REAL: e
KoY :PACKED ARRAY [0..512] OF REAL: e
DCY,DCX,ARE,CY1,DMAX,DMIN : REAL: —
' CYMIN,CYMAX ,MAXCY : PACKED ARRAY (1..53 OF REALS ~
' AREA 2 PACKED ARRAY [1..5) OF REAL:S -j]
OUTFILE : FILE OF IMAGEROW1: ~a
NAME I PACKED ARRAY [1..20] OF CHaR; Lo
PEAK,STAR,TER :PACKED ARRAY [1..5) OF REAL: ol
N

(% FILTER THE POINTS %)

s v

PROCEDURE STORE:
8EGIN
TEMPX:sC~-1: TEMPY:z64=-(R~-1)}
IF I>0 THEN BESIN
FOR J:=20 TO M DO BEGIN
IFCCOLLJI=TEMPX) AND (RONCJI=TEMPY)
THEN 1:=3
END:
COLLI) :=TEMPX;

1L

e s e .
P A AT |
P AR A
vy Tl
Aadnd L

T'I
i

ROMCID :=TEMPY; -T1
LD s _j
Ii=lel; R

€ND
ELSE BEGIN -
COLLID :=TEMPX: o
ROWLID sTEMPYS Y
Mi=0; —
l:=1; E :

END; 3
END3 R
v

~
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Source Listing 10-Dec-1984 16:37:39 ~0RAD

PROCEDURE CMOVE;
BEGIN
FO :aFLR-1,C3; F1:aFCR-1,0+13; F2:=FCR,C+13;
F3:aF(RO1,C41); Fo:=FLR+1,C]; FS:sFLRe1,C-17;
F6:3FCRyC-11: FT:2FCR-1,C~13:
CASE COIR OF
0: BEGIN
IF (£320) AND (F22255) THMEN BEGIN C:aCel}
CDIR:=1;
END :
ELSE IF (F220) AND (F1=255) THEN BEGIN R:mR-1} -
STORE; C:=Ce+i: CDIR:=03 END =
ELSE IF (F1=0) AND (F0x255) TMEN BEGIN R:sR-1}
COIR:=0; END
ELSE IF (FO=0) AND (F73255) THEN BEGIN CimC-1:
STORE: R:=R-1; CDIR:=3; END
ELSE IF (F720) AND (F63255) THEN BEGIN CixC~13
CDIR:=3; END
ELSE IF (F6=0) AND (FS52255) THEN BEGIN R:zsRel;
STORE; C:=C-13 CDIR:23: END
ELSE BEGIN R:xzRel; CDIR:s2; END:
END:
1: BEGIN
IF (FS=0) AND (F42255) THEN BEGIN R:mRel:
COIR:=2: END
ELSE IF (F4x0) AND (F32255) THEN BEGIN Ci=Cel;
STORE: R:=Re1: CDIR:s1; END
ELSE IF (F320) ANG (F22255) THEN BEGIN Ci=Cel;
COIR:=1; END
ELSE IF (F2=0) AND (F12255) TMEN BEGIN R:=R-1: . .
STORE: C:=Ce1: CDIR:=0; END
ELSE IF (F120) AND (FO=255) THEN BEGIN R:imp—1:
COIR:=0; END
ELSE IF CFO0=0) AND (F73255) THMEN BEGIN C:=C—13
STORE; R:=R-1: COIR:=0; END
ELSE BEGIN C:=C-1; CDIR:=3; END:
END:
2: BEGIN
* IF (F720) AND (F6=2255) THEN BEGIN C:=C-13
COIR:=3; END
ELSE IF (F6x0) AND (F52255) THEN BEGIN R:mR+l;
STORE: C:aC-1: COIR:=23: END
ELSE IF (F5x0) AND (F43255) THEN BEGIN R:=Rel;
COIR2=2: END
ELSE IF (Fex0) AND (F32255) THEN BEGIN C:aCel;
STORE: R:xzRel; COIR:=1; END
ELSE IF (F320) ANG (F22255) THEN BEGIN CiaCel:
COIR:=1; END
ELSE IF (F220) AND (F12255) THEN BEGIN R:aR-1:
STORE: C:=Cel: CDIR:=1; END
ELSE BEGIN R:aR-1; COIR:=0; END;
END:
3: BEGINM
IF (F1=0) AND CF0=255) THMEN BEGIN R:=R-1:
COIR:=0; END
ELSE IF (F0x0) ANC (F72255) THEN BEGIN C:xC-1}
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Source Listing

STORE:; R:=R-1; CDIR:=0; END

ELSE I (F7=0) AND (F6=2255) THEN BEGIN C:=C-1;
COIR:=3: END

ELSE IF (F6=0) AND (F52255) THEN BEGIN RiIzR+1;
STIRE: C:=C~-1; CDIR:=22: END

ELSE IF (FS=0) AND (F&4=255) THEN BEGIN R:=Rel;
CDIR:=22: END

ELSE IF (Fe=0) AND (F32255) THEN BEGIN C:=Cel;
STORE: R:=R+1; CDIR:=2; END

ELSE BEGIN C:i=Cel; CDIR:=21; END:

END:
END;
END:

PROCSDURE INITIALS
BEGIN
FOR I :=0 TO 255 DO BEGIN
XCI3 =03
rL1) :=0:
END S
I1:=0¢
ENO:

PROCEDURE FIRST:
VAR
NoeM :INTEGER:
SEGIN
N 2= Q; ni=0:
FOR C :=0 TO 200 DO BEGIN
FOR R :=0 YO0 63 DO BEGIN
IF (FLR,CJ=255) AND (N=(Q) THEN BEGIN
Cl 2= C: R1 :=2R; N = Ne¢l;
END?
IF (FLR,255-C1=255) AND (mM=D) THEN BEGIN
C2 = 255-C: R2 2= R; M :m=Mel;
END:
END:
ENDS
ENDS

PROCEDURE ROTATE:
BEGIN
NEG:=0:
IF R1=R2 THEN BEGIN THETA:I=0.0:
FOR I:=0 TO m DO BEGIN
XCIJ:=COLCI3: YCIJ:=ROWLII:
END
END
ELSE TMETA:=zABSCARCTAN((R2-R1)/7(L2-C1))):
IF (THMETAC>0) AND (R2OR1) THEN BEGIN
FOR I:=0 TO M DO BEGIN
XCI3:=2COLLIdSCOSCTHETA)=-ROMEIIRSINCTIHETA)
YCI3:o=COLLIdSSINCTHETA)«ROWLIIeCOSCTHETA)
IF YC13>=263.0 THEN NZG:aNEGe1:
END:
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END
ELSE IF (THETAC>0) AND (R2<R1) THEN BEGIN
FOR I:=0 YO M DO BEGIN
XCIJ:=COLCIJ&COSCTHETA)*ROWEIISSINCTHETA)
YLId:=~COLLIIoSINCTHETA)¢ROWLIISCOSCTHETA)
IF YLI1>=63.0 THEN NEG:=NEG+1:
END
END:
(% FILTER =)
1220
FOR K:=0 YO M DO BEGIN
TEMPX:=XTK1; TEMPY:=Y[K]:
IF I>0 THEN BEGIN
FOR J:=0 TO M DO BEGIN
IF (XCJI=TEMPX) AND (YTJI=TEMPY) THEN I:=J;
END
XLIJ:=TEMPX; YCIX:=TEMPY: M3I3I; J:i=Iel:
END
ELSE BEGIN XCIJ:aTEMPX: YCLIJ:aTEMPY; M:I=0: l:=x1:
END:
END:
END:

PROCEDURE PARAM( X:DAl: Y:DAL: VAR 2:04al1: W:0al:
MIINTEGER: VAR IB:REAL: VAR 1ESREAL: K:INTEGER;
S3REAL: VAR NIINTEGER; VAR T:DA2: VAR Cx:Daz:

VAR CY3DA2: VAR FPIREAL: IODPTIINTEGER:
IPARCZINTEGER: VAR IER:INTEGER):; FORTRANS

PROCEDURE INITT(SPEED:IINTEGER): FORTRAN;

PROCEOURE VWINDOCXMINIREAL: XRANGESREAL; YMIN:REALS
YRANGE:REAL): FDRTRAN: :

PROCEDURE MOVEACXIREALS: YIREAL): FORTRAN:

PROCEDURE DRAWA(CX:IREAL: YSREAL):; FORTRAN:

PROCEDURE ANCHOCICHAR:INTEGER): FORTRAN:

PROCEDURE FINITTCILSINTEGER: I2:INTEGER): FORTRAN;

PROCEDURE DASMNA(XSREAL: Y:REAL: LIINTEGER): FORTRAN:

FUNCTION DERIV(XREF T:DA2: NIINTEGER: CX:DA2:
NK12INTEGER; NUSINTEGER: ARG:REAL:
LIINTEGER) :REAL: FORTRAN:
PROCEDURE SPLCOEF;
8EGIN
I:=5; LUMP =0
WHILE CI<=N=-5) AND (LUMP=0) DO BEGIN
IFCCYCI-12>CYCI) AND (CYLI*13>CYLIJ) AND
(CYCIe2]5>CYCI*1]) THEN
LUMP =]
Tislels
ENDS
IF LUmP=] THEN BEGIN
FLAG_BEGIN:=0: AR:=1; FLAG_END:=0: I:=S:
WHILE I<=N-5 DG BEGIN
IF FLAG_BEGIN=0 TMEN BEGIN
IF CCYCI-12>CYCI3) AND (CYCI+13>CYCIY) AND
CCYLI+235CYC1+1)) THEN BEGIN
SEGUAKII=TCLI): FLAG_BEGIN:I=1: SEGNLARI:=I:
END
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END ER
ELSE 1F FLAG_BSGIN=1 THEN BEGIN oo
IF CCYLI-12>3CYCIJ) AND (CYCII>=CYCI+13) AND e
CCYLI®2)>=CYLI+1]) THEN BEGIN R
ENCAKI:=TCI+11: FLAG_END:=1; ENNTAKI:=Iel: =
END:
END; "
IF (FLAG_BEGIN=1) AND (FLAG_END=1) THEN BEGIN -
FLAG_BEGIN:=0; FLAG_END:=0; AK:=AK+l: I:=I-13 o
END: )
I+l s
END3 b
END o]
ELSE IF LUMP=0 THEN BEGIN .
FLAG_BEGIN:=0; FLAG_END:=0; I:=5: AK:=1: w -
WHILE I<=N-5 DO BEGIN Ry
IF FLAG_BEGIN=0 THEN BEGIN -
IFCCYCI-13>=CYCI) AND CCYCI+1I>CYTII) AND ]
CCYCI*2I>CYCIY) THEN BEGIN ) o
BEGLAK2:=TCIJ; FLAG_BEGIN:=1; BEGNLAK]:=I; .
END S 5
€ND
ELSE IF FLAG_BEGIN=1 THEN BEGIN ~
IFCCYCI=-13>=CYCIJ) AND (CCYLII<=CYLI+13+TOLE) -
AND C(CYLIJ>=CYLI+1)-TOLE)) AND ot
CCCYTIIK=CYLI+21+TOLE) AND T
CCYCII>=CYCI+21eTOLE)) THEN BEGIN 5
ENCAK]:=TLI): FLAG_END:=1; ENNCAKI:=I: -9
END: __J
END;
1F (FLAG_BEGIN=1) AND CFLAG_END=1) THEN 3EGIN -
FLAG_BEGIN:=0; FLAG_END:=0; AK:xzAKel; I:=I-1: -
END; . e
It=le1; Y
END: 2ok
IF FLAG_BEGIN=1 THEN BEGIN Ry
I:=BEGNLAK]; g
MHILE (I<=N-5) AND CFLAG_END=0) DO BEGIN oy
IF (CYCI-11>=CYLI) aND ~——
CCCYCIIC=CYLI+13+T0LE) o
AND (CYCIJ><CYCI+13-TOLE)) THEN BEGIN =4
ENCAK]:=TLIJ: ENNLAKI:=I; FLAG_END:=1; -
END: e
132313
END: e
END:

END: -
END: —
PROCEDURE ALUMP; R
BEGIN iy

AK:=1: !

WHILE CENNCAX3)>0 DO BEGIN ~

AREATAK]IZ=0; CYMAXCAK]I=20.0; CYMINCAKI:=1000.03 !
FOR I1:2(8EGNCAK]) TO (ENNCAK]) DO BEGIN -
IF CYMAXCAK] <= CYCIJ THEN BEGIN ek
CYMAXTAKI:=CYLXD; MAXCYCAK3:=TCI) o

A
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END:
IF CYMINLCAK] >= CYCZIJ THEN
CYMINCAK]Z=CYCID:
END:
Crl:zCY[CBEGNLAKII-CYMINLAK]:
FDR I:=(BEGNLAKI) TO C(ENNLAKRI-1) DO BEGIN
DCY:=CYCI*12-CYLI]:
QCX:aCXLIel13=-CXCITsS
AREALAKI:=AREALAK]«CY120CX+0CY=0CXx/2.0:
MRITELN( “AREAS”",AREALAK],” I=°,[,° AK=",AK):
CY1:=Cr1+DCY:
END:
AK:sAK+1:
END:
END:
PROCEDURE PCSINKS
8EGIN
12=0; MET: =03
WHILE (IC=M-1) AND (MET=0) DO BEGIN
IF TEMPx=2LI] THEN BEGIN
TEMPY:=X[1J: METI=13
€~°= n . -
[s=1e);
END;
END3

°©

(#BLBLETALSBSTEEILVUIRVXSEADARSRAIRER)
(% MAIN PROGRAM 2)
B8ECIN
WRITELNC INPUT CUT OR CONLINE FILENAME®):

l:"xfﬁkv:

- Y
READLNCNAME) ; -
OPEN CINFILE.NAME,HISTORY := OLO, 2
ACCESS_METHMOD :=SEQUENTIAL, Y
RECORC_LENGTH :%256,RECORD_TYPE :=FIXED): e
RESETCINFILE); o
R =0 8
WHILE NOT EOF (INFILE) DO -
BEGIN

READ CINFILE,IMAGELRI):
FOR C := 0 TQ 255 00
FCR+1,C+1] 2= IMAGECLR,CI:
R :x Rel:
END:
CLOSECINEILED S
FIRST:
®f :=R1: C :=Cl1; CODIR :3=1; -
INITIAL: '
WHILE (C<>C2) DO BEGIN e,
STORE: .
cMave; e
END; o
ROTATE:
FOR [:=0 TO M DO BEGIN
18 NMEGS>0 THMEN YCI3:=2Y(IJ-20.0:
END:
MizMel; K222: $230.13 I0PT:=0: IPAR:=0;
FOR I:=0 T3 M 00

IR |
IR €

Ceee g
),
Lot atalad.

U SOPL. I 2

.
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dCI3:=21.03
ANS:=1:
WHILE ANS=1 DG BEGIN
WRITELNC OLD $S=",5,°NEW $z°);
READ(S):
WRITELNC®OLD K=°,K,"K=");
READC(K):
PARAMUX oY s LyWoMyZB o2Z oKy SeN,T,CX4CY,FP,I0PT,
IPAR,IZR):
WRITELNC® $=°,5,° IER=",IER," M=",M," Hz=’,N,
° CXCMI=",CXCN3Jy ° CYIN=43=",CYIN-41):
WRITELNC” PRINTING VYES=1 PLOT X-Y=22,CX,CY=3 -, .

“X-Y-CX-CY¥246",° NO=5"):

READ(CANS1): .
IF ANS1=1 THEN BEGIN .

FOR I:=1 TO N DO

WRITELNC"CX=",CXCI), " Cy=z",CYCI),

R FERTSSTY . e

END o
ELSE IF anS1=2 THMEN BEGIN L

INITT(960); -

VWINDOCO.0,20M=-13,0.0,256.0)3 . 4

MOVEAC2L01,XC01)% e

FOR 1:20 1D M-1 00 o
DRAWACZCIZLACID)S o

MOYEACZILOI,YL03); o

FOR 1220 TO M-1 0O -
DASHACZCIIWYLID,23; <

FINITTC0,0): -

END
ELSE IF ANS1=4 THEN BEGIN

INITT(960):

VWINDOCO.042TM=13,0.04256.0)¢

MOYEACZL03,X001)3

FOR 1:20 TO m-1 DO
DRAWACZICIINXCZII):

MOVEACZLO02,YC03);

FOR I1:=0 TQ M-1 DO
ORAWACZCIZ,YCI):

MOVEA(TC41,CAC43)3

FOR 1224 TO N-4 DO
DASHMACTCII.CX[I2,2):

FOR I:=4 TO N-4 DO BEGIN
MOVEACTCIJ-1.5,CXCI3-1.5)3
ANCHOC111):

ENC:

MOYEACTC43,CYC41):

FOR l:36¢ TO N-4 DO
DASHACTLIIWCYCII 2)3

FOR I:24 TO N-4 DO BEGIN
MOVEACTEII-1.5,CYC11-1.5);
aNCHOC(111): o

END S .

DFINI=0.0: DMAX:2256.0; TEMPX:=DMIN: -

WHILE TEMPXC=I[M~-1) 2C BEGIN -
MOVELA(TEMPX,OMIN)
ORANACTEMP X, OMIN);
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ORAMACTEMPX ,DMAX )
TEMPX:=TEMPX+10.03%
END;
OMINI=0,0: OMAX:=ZCM=-1); TEMPXI=QOMIN:
WHILE TEMPX(=256.0 DO SEGIN
MOVEACDMIN,TEMPX):
DRAWACDOMIN,TEMPX) S °
ORANACDMAX,TEMPX) 3
TEMPX :=TEMPX*10.0:
END
FINITTC0,0);
END
ELSE IF ANS1=3 THEN BEGIN
INITT(960):
YNINDOCO.O0yTEN]¢0.00256.0)3
MOVEACTC41,CXC4]):
FOR I:=4 TO N-6 0O
ORAWACTCIZLCXLIY):
FOR Ii=4 TO N-4 DO BEGIN
MOVEACTLI)~1.5,CXL212-1.5)3
ANCHOC111):
END?
MOVEACTL4],CYC4Y);
FOR 1:36 T0 N-4 DO
DASHACTCII,LCYCIJ,2):
FOR I:=4 TO N-4 DO BEGIN
MOVEACTLII~1.54CY022-1.5)¢
ANCHOC111)3
END:
FINITTC(0,0):
END;
(# IMPORTANT FORTRAN DECLEAR FROM 1 ®) )
NK1Z=aN-K=13 L3xaKel; NENDIaN=K; J1:=20;
FOR Y=L YD NEND DO BEGIN
ARG:=T[I1]:
WHILECARG>=TLL+1]) AND (LCNKL1) OC
Liz=lel;
SPXxiCJ1l:= DERIV(T|N.cl'NK1'0'ARG'L):
SPY1lJl): DERIV(T.N.C'.NKI|°QAR;'L):
Jli=zJllel;
END;
Jiz=0: L:3=K+1:
FOR I:=L TO NEND CO SEGIN
ARG:=T(1]:
dHILE CARGY>STLL413) AND (LCNK1) DO
SaLel -—
TEMPX:=T[1¢11-ARG:
IF TEMPX>=T7.0 THEN BEGIN
WHILE ARGCKTLI+1) DO BEGIN
SPXLJ) 3= DERIV(T NeCXyNK1,0,ARG,L);
SPYLJ) 2= DERIV(T4NoCY4yNK1,0,ARG,L);
ARGS=2ARG*2.0; JizJel;
END?
END
ELSE BEGIN
SPXCJ] 23 DERIVCToNeCXeNK1,0,ARG,L):
SPYLJY 2= DERIVC(T NsCY4NK1,0,ARG,L):
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JizJel; .
END: i
END: :..:
WRITELNC“DO YDU WANT PLOTING YES=l °, .
*PRINT=2 COMPARE=3 NO=4°);
READCANS2):
IF ANS221 THEN BEGIN
INITT(960):
VHINDOC0e0+25600+0.0+256.0)3
MOVEA(XLO03,YL01);
FOR I:=0 TO M-1 20
DRAWACKLII,LYCII):
FOR [:30 TO J1-1 DO BEGIN
MOVEACSPXILII-1.5,5PY1C13-1.5);
ANCHOC111)3
ENDS
MOVEACSPXLO01,5PYC0);
FOR I:=. TO J-1 0O
DASHACSPXCLIJLSPYC13,2):
FINITTCO0,0)3
SND
ELSE IF ANS2=2 THEN SEGIN
FOR I:=C TO J1-1 DO
WRITELNC®SPX1=°,SPX1(IJ,
®  SPY1a",SPYILID):
END
ELSE IF ANS2=3 THEN BEGIN
WRITELNC TOL=");
READ(CTOLE):
SPLCOEF;
aLUMP;
AK:=L; RA:=X(M=-131-X[0]:
WHILE ENIAK]I>0 DO BEGIN
TEMPXx:=BEGCAK]: POSINX;
STARCAK]:=((TEMPY~-X[0])~RA/2)/RA:
TEMPXS=ENLCAK]S POSINXS
TERCAK3:=((TEMPY-XL01)-RA/2)/RAS
TEMPX:=MAXCYCAK]IS POSINXS
PEAKCAK)I=((TEMPY-NL03)-RA/2)/RAS Iy
AREACAK) :=(AREACAK])/(RAZ®R2); K
WRITELNC“BEGIN=",STARLAK], " END=", o
TERCAK], " TOTAL=",RaA, N
° AREA=",AREACAK], tor
* PEAK=",PEAK[AKI): o
AKI=AK+]l; w
END;
END: Ff1
NRITELNC“DD YDU WANT RUN AGAIN YES=1°, w
© NOs327)3 ui}
REACCANS) S <
IF ANS=1 THEN BEGIN ~ 1
WRITELNC"IQPT="): o
REACCIOPT): 1
END
END: (2% WHILE ®) ‘:?
END. RO
. .QL
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